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Oo u me Oo. Andrew Armstrong follows up last month’s introduction to advanced display screen 
technologies by reporting on Cambridge Display Technology's Light Emitting 


Featu res Plastics, Brookhaven National Laboratory's Planar Optical Displays (PODs) and 


Philips’ new 3D TV displays. 
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HT-8955 Digital Echo/Reverb 
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This is a new echo unit by Robert Penfold based on the HT-8955 delay line chip 
Next Issue 19th June 1998 which produces delays of up to 800 milliseconds, and the 41256 D-ram. A variable 


flexibility. 


checking audio stages. 


Headlight Delay 


switch off a few minutes later. 


Owen Bishop describes. 


version. 


A Simple Signal Generator 
This economical unit by Raymond Haigh gives continuous coverage from 155KHz to 
30MHz. The output can be modulated, and a 1kHz spot frequency is available for 


Getting MORE out of PICs 

Robin Abbott begins a new series of more advanced PIC programming, centred 
around his popular PIC programmer, with additions. In this issue: a development 
board for 18-pin 16C84 or 16F84 devices. 


delay control also enables short echoes down to a reverb effect, giving maximum 
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Terry Balbirnie’s automotive circuit will illuminate you to your door (or out of your 
garage) after dark by means of your car head headlamps, which will automatically 


Electronic Timing - Part 1: Basic timing 49 
“The time constant of a circuit is no more precise than the least precise of the 
components.” RC timing circuits can be more accurate than you might expect, as 


Thomas Edison’s 1885 Train Telegraph System 54 
George Pickworth describes the short-lived but revolutionary first cormmercial two- 
way telegraphy service to passengers on moving trains by a telegraph line or cable. 


Review: Electronics Principles 5.0 59 
The new, extended version of EPT Software’s educational programme now includes 
PICs and Maths on over 500 screens at substantially the same price as the previous 


UHF Model Radio Control System - Part 2 62 
In the second and concluding part of Geoff Pike GIOGDP's UHF radio control 
project, Geoff describes the construction and casing of the Transmitter and Receiver 
modules, the testing of the boards and the construction and connection of the 


antennae. 
“Six-and-One” Mini Six-Interval Games Timer 66 
Roy Bebbington’s little portable LED-driven timer makes games and quizzes fast and 

|= 4 e u a rs friendly. You can select six different time intervals, from a few seconds to half an 

g hour or more, with an alarm at the end and an LED at half time. 
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Terry Balbimie begins a set of short articles on fuses. This month: anti-surge fuses and ratings. 
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Maplin and RS Extend CD- 
Rom and Web Business 


The Maplin catalogue is now on CD-rom as well as it’s well- 
known print format. 

The latest version of the Maplin catalogue has been 
redesigned as well as reformatted, and from March ‘98 it has 
been available as a CD-rom as well as in the newsagent's 
catalogue. The new catalogues have over 1,000 new 
products in thern, and the CD-rom allows faster searching 
and ordering. The CD also has a number of "how to” video 
features on it to introduce new users to the catalogue. 

Information can be called up using the Maplin order code, 
or using a keyword search. Browsing is easy. Items can be 
added to the order form by highlighting the item and clicking 
“add to order”, The CD-rom also has information on Maplin’s 
48 retails stores in the UK, including location maps. 

Details of previous orders are stored on the disc for 
reference, Completed orders can be printed out, and Maplin 
recommends faxing or posting orders to guard against credit 
card fraud, which is still a problem with email and Internet 
commerce, 

To order the new catalogue, call 01702 
554002, or refer to the Maplin website at 
www.,maplin.co.uk 


FS peek main 


Meanwhile, RS/Electromail has added to its 
electronic tracing facilities with a new website, 
rswww.com . The new website provides users 
with fast search, retrieval and on-line ordering 
of RS’s 100,000-product catalogue, channeling 
into RS's same-day dispatch system for stock 
items. 
RS's parent company, Electrocomponents plc, 
is the first UK plc in the marketplace to make 
an investment in excess of seven figures in the 
Internet as a major channel for self-service and 
other business transaction. 

Ordering and payment is on-line, and the 
site recognises customers and tracks their 
buying habits to offer “tailored incentives" - 
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bul< discounts and promotions suited to the user's business. 
The site is VeriSign certified for secure payments, and uses 
Netscape’s industry standard Secure Socket Layer (SSL) 
encryption protocol. To locate items in the catalogue, Search 
is by keyword, RS Stock Number, manufacturer's part 
number or type of product. 

A significant advantage of the web site is that information 
can be updated more regularly than the regular print and CD- 
rom catalogues, which are issued three times a year. Services 
previously only available by phone can be accessed via the 
site, such as RS data, manufacturers’ instructions and CHIP 
sheets. 

Internet use and Internet trading are growing fast in the 
UK. RS estimate that at present only around 25% of 
customers already have Internet access, but that more than 
40 percent have an Internet connection either from their home 
or via a colleague’s PC. Feedback from customers who were 
consulted while the site was being set up was used to tailor 
the site’s specifications. 

RS Components receive on average more than 15,000 
phone calls a day, and each day sends out around 25,000 
parcels. 
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Fujitsu Ultra Miniature Colour CCD 


Camera " 
The photograph shows a miniature Fujitsu CCD (charge- 01296 398085. 
coupled device) camera, the GMC-810, which claims to be 
the smallest high-resolution colour CCD camera 
commercially available 
All the tronics needed to generate a 
standard composition video signal output are contained in 
the golf-ball-sized housing, including a 5-volt DC/DC 
converter supplying both the logic and the CCD. The 0.25- 
inch CCD array uses 440,000 pixels and 460 horizontal 
lines in its standard PAL. format {880,000 pixels and 470 
horizontal lines in its NTSC format), and is complemented 
by a high quality optical lens. 
Weighing only 30 grams, the camera's applications will 
include video conferencing and multimedia, where a high- 
quality moving or still colour image is needed, and, of 
course, discreet uses in the security industry. 


DTI Pledges New Bus to Encourage 
Girls into Science 


Science Minister John Battle has announced that 
his department is offering £25,000 to assist the 
refurbishment of a new WISE (Women into Science 
and Engineering) exhibition bus to visit schools and 
give girls in the 13-14 age range the opportunity to 
use new technologies and meet women working in 
science and technology. 

This follows a DTI survey to find out what holds 
girls back from choosing a career in science. 

The survey was carried out among 15- and 16- 
year old girls attending the recent Girls Into Science 
conference run by the DTI’s Development Unit on 
Women in Science, Engineering and Technolgy. 
Many girls felt that physics and physics-related 
technologies were more interesting to boys, and 
would opt for biology or medicine if considering a 
science career. Girls still feel out of place following 
careers which are traditionally male-dominated, 
such as engineering. 

Said Mr. Battle: “Our survey and video will be 
available to schools to help us press home the 
message that there are exciting and good job 
opportunities for girls in science and engineering.” 

Public enquires about WISE and Girls Into 
Science should be directed to the DTI’s public 
enquries line 0171 215 5377 and 5962. 


OVERSEAS READERS 


To call UK telephone numbers, replace the initial 0 with your local overseas access code plus the digits 44. 
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Super-TFT Flat LCD 
Displays Continue 
Development 


The revival of the Super-TFT low-profile 
LDC display is continuing with Hitachi's 
release of two new displays. The 14.1-in 
TX36C01VCOCAA panel has a CMOS 
interface, and the same-sized 

TX86D1 1VCOCAA panel has an LVDS 
interface. Super-TFT display technology 
allows a substantially wider viewing angle 
than conventional TFT without degradation 
of image quality or contrast, and is 
becoming an important technology for 
desktop monitors, allowing a viewing angle 
of 160 degrees in all directions without 
colour shift. The improved viewing angle 
has been achieved by using a technique 


known as “in-plane switchir.g" (IPS), where 
the liquid crystal molecules act as an 
optical switch, while keeping their long axis 
parallel to the plane of the substrate. 

The displays have contrast ratios of 
200:1 with brightness of 200 candelas per 
square meter and replaceable longlife 
backlight units. The modules have XGA 
resolution, 1024 x 768 pixels, Super-TFT 
technology with 256K colours and a 
display area of 285.7 x 214.3 mm. Full 8- 
bit colour can be obtained using frame rate 
control when using Hitachi's interface 
board. 

Other advantages of advanced LCD 
technology will be space economy and 
low power use for applications such as 
point of sale terminals, bank terminals and 
information displays. The two models 
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described here will be reacly for use in 
production quantities in the middle of 
1998. 

For more information contact Vince Pitt, 
Hitachi Europe Ltd., Whitebrook Park, 
Lower Cookham Road, Maidenhead, 
Berks SL6 8YA. Tel 01628 585000 fax 
01628 585160. 


Young Amateur of the Year Award, 1998 
The Amateur Radio Young Radio Amateur of the Year Award 
has been announced for 1998 by the Radio Society of Great 


Britain and the Radiocommunications Agency. The Award is for 
the most outstanding achievement by a young amateur radio 
enthusiast. It is open to anyone under 18 who has an interest in 
radio (they do not have to be licence-holders). The following 
areas will be taken into account when the applications are 
assessed: 


DIY radio construction; radio operation; community service 
(for example, helping the disabled or assisting in emergency 
communications); encouraging others to take an interest in 
radio, for instance through the Novice Licence scheme; projects 
undertaken at school. 


Fast NiCad Chargers for the Hobby 
Market 
A new range of switch-mode NiCad battery chargers meeting 
the safety requirements of the toy and hobby markets has been 
introduced by Arlec Power. 

The new rapid chargers, part of the company's CB Series, 
comply with European safety standards, including EN 60-335-2- 
29, EN 60-742 and NFC 52-290, as well as the 89/336 EMC 
Directive. The chargers are designed for operation from 230 VAC 
or 12 VDC supplies. These units incorporate automatic switching 
from fast charge to trickle charge, with accurate detection of the 
end of the charging cycle using a delta-peak detection 
technique. Red, green and yellow LEDs provide indication of fast 
charge, normal charge and power on, respectively. 

The three models are the CB147, offering switch-selectable 
current ratings from 1.2 to SA at 10.5 volts; the CB146, providing 
5A at 10.5 volts and the CB167, providing 3A at 10.5 volts. The 
CB147 can charge a pack of four to seven cells, while the other 
two handle packs of 6-7 cells. 


The scheme hopes to generate interest in amateur radio and 
encourage people to become involved for themselves. 

The prize for the most outstanding achievement between 1 
August 1997 and 21 July 1998 will be awarded by the RA at 
the RSGB’s annual HF Convention in September 1998. All 
entrants will receive a copy of the RSGB amateur radio log 
book, and the winner will receive £300 in cash from the RA and 
radio equipment from the RSGB. 

The closing date for applications is 31 July 1998. The Award 
is open to any resident of the UK, the Channel {slands or the Isle 
of Man who has not reached his or her 18th birthday by the 
closing date. Entrants must be nominated by an adult sponsor. 

Applications should be sent to the Young Amateur of the 
Year Award, RSGB, Lambda House, Cranbourne Road, Potters 
Bar, Herts EN6 3JE. Tel 01707 659015. 


All the chargers include automatic protection against 
overload, short circuit and wrong polarity, with a security timer 
which ends quick charging after 40 minutes. 

For more information, contact Arlec Power UK Ltd., Kingsway 
House, Laporte Way, Luton, Beds LU4 8RU. 
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New Smart Card Technology Goes 


into Use in Japan 
Leading stripe and smart card makers Gemplus have 
brought three advanced smartcard technologies onto the 
market in Japan. 

One is a range of environment-friendly contactless 
smart cards made from paper 0.27mm thick and PET 
plastic 0.25mm thick. Contactless cards are already in use 
in applications such as access control and employee 
identification tags. Until now, the smart cards’ embedded 
processor needed a card thicker than normal magnetic 
strip cards and made of very rigid material, keeping 
manufacturing costs up and uses limited. The thinner base 
material that can now be used includes paper, useful and 
economic for mass-market prepaid cards such as 
telephone cards and game cards. In addition, they can be 
safely incinerated after use, reducing pollution and 
increasing security, 

A second new product is the world’s first 32-bit RISC 
chip card meeting the JAVA Card API 2.0 standard. This 
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Volume 27 Issue 4: Tic Tac Toe. The PCB foil on the Foils Page has been shown from the component side instead of the 


means that several services can be offered on the same 
card, Conventional smart cards have 8-bit processors with 
limited memory and processing power. The new card's 
improved memory and processing allows more complex 
applications. For instance, when verifying a card-user’s 
identify, 8-bit cards can only check with a PIN number, but 
the 32-bit card can verify against the owner's fingerprint. 
in addition, the Java programming language can be used 
in smart card applications. 

The third new product is the EarthCard, made with a 
low-pollution chlorine- and halogen-free polyester film. The 
EarthCard will not leach dangerous chemicals into 
underground water after it has been buried in landfill, and 
will burn in the same manner as wood or paper. The 
material also increases the card's durability, extending its 
use time, which will itself tend to conserve resources. 

For more information, contact Lisa Colley, Gemplus 
Ltd., New Lane, Havant, Hants PO9 2NR. Tel 01705 
486444 fax 01705 472081. Web: www.gemplus.com 
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AXPOWER, 


copper side as usual. Keypad switches for the unit were Maplin KR92A. Anyone who would like a printout of the foil, 
please write c/o the Editor, ETI, Nexus House, Azalea Drive, Swanley, BR8 8HU. Please mark your envelope “Tic Tac Toe”. 


The extra query about Smartcam mentioned in our previous issue has been resolved with nothing further to report. 


Volume 27 Issue 4: Medium Wave Loop Aerial. For anyone having difficulty finding the 2k pot, R3, a suitable 2k2 variety is 
listed by JAB Electrical Components, P O Box 5774, Birmingham B44 8PJ. Tel 0121 682 7945 fax 0121 681 1329. Because of 
the slightly higher track resistance, the value of R4 could be reduced from 1k to 820 ohms to maintain the brightness of 
the low current LED, but the difference is minimal. 
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to Come 


A graphic display outlines a personal organiser application for the 
future ... 


Following last month’s introduction to current advanced display screen 
technologies, Part Two continues with Light Emitting Plastics (LEPs), developed at 
the Cavendish Laboratories at the University of Cambridge) and commercialised by 

Cambridge Display Technology; Planar Optical Displays (PODs) developed at 

Brookhaven National Laboratory, and new 3D TV displays from Philips. 


or many years, researchers have been trying to 

make semiconductors from polymers - in other 

words, plastic. Cambridge Display Technology (a 

spinoff company from the Cavendish Laboratories 

at the University of Cambridge) have succeeded to 
the extent of making plastic light emitting diodes with useful 
efficiencies, and have reached the stage of producing a 
demonstration plastic LED colour television display in co- 
operation with Japanese corporation Seiko-Epson. 

Philips also have a non-exclusive license to use this 
technology, so that with support from at least two large 
companies, it is likely that we shall see products on the market 
using this dramatic new technology. 

This uses the principle that light can be emitted when an 
electron falls from a high energy state to a lower energy state. 
The frequency of the photon thus emitted is determined by the 


... and one for health monitoring and personal video on a wrist 
display. 


energy difference between the two electron states. (The energy 
of the photon is equal to h x f where fis the frequency and his 
Planck's constant.) In order for visible light to be emitted, there 
must be a gap between two adjacent energy levels equal to 
the required energy, which turns out to be around 2 eV 
(electron volts) for an orange shade of red. 

This is a quantity of energy unlikely to be gathered by an 
electron in a short path length before its next collision. There 
are materials, including polymers, which have a Suitable gap 
between the bottom of the conduction band and the top of the 
valence band, but in order to raise electrons from valence to 
conduction band enormous electric fields are required. It has 
been possible in the laboratory to make this work, with a layer 
of polymer between two electrodes, but the high voltages 
needed are impractical, and the polymer degrades at the 
interface with the electrodes. The quantum efficiency is also 
low - typically of the order of 0.01 percent. 

What is needed is some means to raise electrons to the 
required energy level without high voltages, and to increase the 
proportion of downward transitions which result in the emission 
of a photon rather than a phonon (that is, merely excitation of 
the material). 

Light emitting diodes using classical semiconductors 
achieve this by use of a junction, and it turns out that the same 
idea can be used with polymers. 

in silicon, a junction is made between two doped layers of 
silicon. In a crystal of pure silicon at absolute zero, all the 
electrons are in the ground state in the valence energy band. 
At a realistic temperature a few will be raised to the conduction 
band from the ground state, but only a tiny proportion will 
accumulate enough thermal energy before a collision dissipates 
some of that energy. (This is at least partly responsible for the 
reverse current in a diode.) 

To explain the next stage, Pauli’s exclusion principle is 
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INTERACTIVE DISPLAY 
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flaw diagram for an interactive display control configuration with 
POD screens 

required. This is a piece of quantum theory which states that 
no two electrons can be in exactly the same state. Two 
electrons can be at nominally the same energy level if they are 
of opposite spin, but that is the limit. Further electrons in a 
material must take up different energy levels. In the above 
silicon crystal, there are exactly as many ground states 
available as there are electrons to fill those states, so the 
electrons have no mobility. 


The junction 

If a dopant atom which accepts an electron is added, then a 
space is created in the valence band. Of course, the electron is 
still present, but now it is at an energy level just outside what 
was the valence band. If all the other electrons shuffle around, 
it can seem as if a space or hole is actually moving around. In 
semiconductor physics the hole is often treated as a particle, 
and its effective mass and mobility may be determined. 

If an electron donor atom is added instead, there is one 
more electron than can be accommodated in the valence 
band, The next available energy level is in the conduction 
band, so that is where the electron goes. It is available for 
conduction, and is more mobile than a hole. 

If you make a junction between two oppositely doped types 
of silicon, then at the junction and very close to it, electrons in 
the conduction band of the N type material (with the electron 
donor atom) make the transition to the lower energy state in 
the valence band of the P type material (with the electron 
acceptor atom). This gives rise to an electric field, because the 
silicon on each side of the junction no longer has the same 
number of electrons as it started with. The process continues 
to the point at which the increase of energy due to the electric 
field, if an electron crosses the junction, matches the decrease 
due to the transition from conduction to valence bands. At this 
point the system has reached its lowest energy state, and 
nothing further will happen unless an extra electric field is 
applied. 

The electric fleld keeps the charge imbalance close to the 
junction. It may be regarded as similar to a capacitor in this 
respect: there is a separation of charge, and further physical 
separation of the same charge would increase the voltage, and 
hence require energy. There is a narrow region, the depletion 
region, where all the electrons have combined with the holes, 
with an imbalance of charge immediately either side of it. If a 
voltage is applied to the diode thus made, attempting to force 
more electrons from the N type material to the p type, then this 
happens easily. At the junction, electrons need enough energy 


to overcome the electric field of the junction, and then they fall 
from a higher energy level to a lower one. 

If the voltage is connected the other way round, electrons 
must increase in energy from the valence band to the 
conduction band in order to cross the junction. The energy 
which an electron is likely to gain from a reasonable applied 
electric field between one collision and the next will not 
approach this level, so that negligible current will flow. 


Benzine rings 

The class of plastic materials useful as organic semiconductors 
are called conjugated polymers. These are polymers which 
possess a delocalised pi-electron system along the polymer 
backbone; the delocalised pi-electron system confers 
semiconducting properties to the polymer and gives it the 
ability to support positive and negative charge carriers with 
high mobilities along the polymer chain. 

This is illustrated in figure 13. The polymer shown here 
consists of benzene rings linked together by two more carbon 
atoms. The benzene ring on its own has an electron cloud 
above and below it - in this particular polymer the cloud is 
enabled to extend between rings, linking from end to end of 
the chain. 

The benzene ring has a bond structure different from that of 
other carbon-carbon bonds. The number of covalent bonds 
available might be expected to give rise to alternating single 
and double bonds around the ring, but in this case the bonds 
are shared around the ring, and there is a concentration. of 
electrons above and below it. The alternating double and single 
bonds in the chain joining the benzene rings enable this 
electron sharing to continue along the chain. 

Benzine has a band gap of the range which may make it 
useful as a semiconductor. Incorporating it into a polymer has 
the effect of making a solid material in which the properties 
may be exploited, and, according to the exact material 
composition, modifying the band gap of the overall material 
and adding doping properties. 

One of the particularly clever parts is in obtaining a mobile 
electron, which might otherwise have been expected to form 
part of a covalent bond, without the material being very 
unstable and splitting apart readily under thermal or optical 
excitation. 

This is how CDT describe it: “Though the mechanism for 
charge transport in these materials is not the same as in more 
traditional inorganic semiconductors (due to the chain 
distortion of the polymer on charge injection, and therefore the 


Jim Veligman at Brookhaven National Laboratory with a prototype 
smali POD screen 
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Figure 13: overlap of Pz orbitals leads to the formation of a 
de-localised pi electron cloud above and below the polymer 
chain 


coupling of the charge carrier and the polymer chain to form a 
mobile polaron), device engineering of the materials can take 
advantage of many of the lessons previously learnt from classic 
semiconductors. Thus device designs and material structures 
can be copied into the new technology. For example, the use 
of heterostructures, commonplace in Ill-V technology, can also 
be applied to polymer devices for improved carrier 
confinement, or for varying offsets with respect to injection 
electrodes.” 

Polymers offer much easier manufacturing methods than 
traditional semiconductors. You can't go quite as far as 
injection-moulding complex electronic parts, but a technique 
known as spin coating is used to build up layers, and is much 
simpler than epitaxial growth, 

With classical semiconductors, complex multi-doping is 
tricky, and it can be difficult to make the doped material match 
the periodicity of the substrate on which it is grown. If it does 
not match, then microscopic defects in the lattice structure can 
render it useless. 

With polymers, the structure is effectively amorphous, but 
the defects tend to have energy states outside the bandgap 
(that is, they are confining), and there are no dangling bonds. 

There are disadvantages to polymer semiconductors: 
lifetime and mobility, Mobilities are low due to the largely 
amorphous nature of conjugated polymer films. In thin film 
devices like light emitting diodes and solar cells, the mobility is 
not the limiting factor. 

In Field Effect Transistor devices, however, channel lengths 
are substantially larger and the total device size has to be 
comparatively large (with large channel width) to allow 
reasonable switching times. Therefore polymer devices are 
more useful in the applications areas where amorphous silicon 
would otherwise be considered than in most traditional 
crystalline device types. 

The first applications for conjugated polymers have been as 
conductors. Here is what CDT say on the subject: 

“The doping of semiconducting conjugated polymers such 
as polyaniline and polypyrrole leads to the presence of states in 
the band-gap (hopping states) and at sufficient dopant 
concentrations the band-gap effectively disappears and the 
polymer acts as a metal with high conductivities. Intrinsic 
conductivies of materials such as PPV are of order 10-12 
Ohmem-1; doped conjugated polymers have achieved 
conductivities of more than 105 Ohm/cm-1, which is close to 
that of copper. 

A major problem has been producing processible forms of 
these conducting polymers that are sufficiently stable for 
commercial applications ... It is interesting to note that most of 
the challenges did not relate to the stability of the conjugated 
polymer itself, but more of the doped state.” 

It well known that most polymers break down in sunlight. 
Everyday plastics have additives in them to improve resistance 


Slanted Lenticulars 


tlustration ot a display showing interleaving of the views from 
different angles 

to photo-oxidation, (which initially causes discolouration). In the 
area of light emitting polymers, research is taking place to 
improve material lifetimes both through use of materials that 
are resistant to oxidation and through improved encapsulation. 


Display development 

Since five years ago, there has been an improvement of four 
orders of magnitude on the 0.01 percent quantum efficiencies 
(the number of photons generated in the polymer film relative 
to the number of carriers injected into the polymer) then 
achieved. Even if the efficiency which can be achieved in a 
commercial mass-produced product is not as good as this, the 
efficiency is now sufficient for a display. 

Part of the reason for the rapid improvements has been the 
application of lessons learned from inorganic semiconductors. 
The use of a heterostructure that allows carrier confinement at 
the polymer/polymer interface is significant, in that it has been 
found to increase the proportion of light to heat produced 
when the electrons and holes recombine. 

Other significant improvements arise from choosing the 
electron/hole injection barriers to be similar - this can be done 
through both the choice of the injection electrode material and 
by modifying the polymer material to be more or less electron 
withdrawing and therefore to have higher or lower electron 
affinity. In the example shown the cyano group is electron 


ELECTRON 
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Figure 14: hetereostructures can be designed using polymer 
material. Organic synthesis allows additional rees Oo 
freedom in tuning bandgap and work function 
semiconductors 
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Slanted Lenticular Resolution 


Calculation of the resolution of a 1024°768 slanted lenticular display with 7 views. 


withdrawing and therefore pushes down the barrier to electron 
injection (see figure 14). The cyanoPPV layer therefore acts as 
an electron transport layer. Because the bandgap of the 
cyanoPPY layer is lower than the PPV layer, recombination 
takes place in this layer. In addition to the increase in efficiency, 
emission from blue to the near-infrared has been observed, all 
at efficiencies of over 1 percent. 

Therefore in a short time these polymer materials have 
reached a performance level comparable with inorganic LEDs. 

Polymer light emitting devices can be patterned simply by 
pixellation of the metal {there is no highly doped semiconductor 
layer required by the inorganic LEDs for ohmic contact). Hence 
large-area pixellated displays made from one sheet are 
possible, with added features such as flexibility. The cross 
section of a couple of pixels is shown in figure 15. 


Plastic television 
Cutting to the chase, polymer light emitting displays were 
demonstrated in 1997, Now, a monochrome television display 
has been made. Because the devices emit light over a wide 
angle, flat displays using this technology will not suffer from the 
problem of limited viewing angle, which still limits the 
usefulness of tft displays. In principle, screens may be any 
shape, though thin and flat is likely to be the most useful one. 
If you remember the report on flat loudspeakers in ETI last 
year, it would appear possible that the plastic displays could 
eventually be engineered to have the right acoustic 
characteristics so that the viewing screen and the loudspeaker 
would be a single item. Now we are beginning to see Star 
Trek-type technology in the distance, at least in this respect. 
Cambridge Display Technology and Seiko-Epson in Japan 
have also recently announced the joint development of a 
prototype tv display as an early step towards producing tvs 
and monitors based on the light-emitting plastics, The current 
prototype is just a SOmm-diagonal monochrome screen, but it 
is a narrow 2mm thick, and can show complete tv pictures 
with no restriction on viewing angle. 


As LEPs can be switched very fast, they avoid the loss of 
resolution on fast movement that limits STN LCD screens. The 
mono screen itself could function as a monitor for portable 
cameras and VCRs, but the processes used to make it are 
scaleable, so that the path between making the small mono 
display and a full size full colour screen has already been 
worked out. A full colour display is planned for later in 1998. 
Seiko-Epson’s polymeric semiconductor inkjet printing and 
active matrix backplane technologies enable them to print the 
pixels of the display by ink-jet directly on top of the pixel- 
switching element in the active matrix, giving a screen with 
traditional tv quality or better, but made from much thinner and 
lighter materials. 

Further, as light emitting plastics do indeed emit their own 
light, many of the components (polarisers, colour filters, 
backlights, etc.) needed in an LCD are not needed for LEP 
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Slanted lenticular display showing the vertical line of a single view. 
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displays. Apart from making the display thinner and less 
complex, this also reduces cost - always desirable. Apart from 
this, LEP manufacture shares many stages with LCD 
manufacture - which also reduces costs - and printing the 
active materials onto the matrix also reduces complexity - and 
costs. 

LEPs are driven from a low DC voltage, compatible with the 

_ widely-used TFT active matrix drivers. This fits them for use in 

the same areas as TFT displays, for example displays for 
laptop computers. Being solid-state, they are naturally rugged, 
also desireable for portable equipment, assisting what | believe 
will be a steady move towards portable rather than fixed 
electronic equipment in many areas, particularly personal 
computing. Much of the fabrication of LEPs can be done on 
existing equipment, which avoids expensive re-tooling for 
manufacturers who want to use it. Costs again! 


Polyplanar optical display 
Projection television has not lived up to its early promise, 
though it is extremely useful in large arenas and suchlike. 
Conventionally, very bright small cathode ray tubes are used to 
generate the picture, which is then focussed onto large 
screens. Catches are that the picture is not bright enough to 
be seen easily when the lights are on in the viewing room, and 
that the projector must be a significant distance from the 
screen to give a large picture. LCD shutter technology has also 
been used. This can use a bright light source behind, but a 
significant fraction of the area of the display is opaque, being 
taken up with the drive electronics and so forth. 

Two technological developments have occurred which could 
revolutionise this type of display, as well as having other 
applications. 
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Figure 16: a Polyplanar Optical Display 


The first development is the reflective video display. This 
uses an array of mirrors on a chip. The mirrors can be tilted by 
means of a piezoelectric activator, and cover almost all the 
area of the display. Because this, like the Icd shutter screen, 
can be illuminated by a powerful external light source, it has a 
higher maximum brightness. 

A new and improved means to display the output fram a 
television projector has been developed. It is called the Planar 
Optical Display, and it uses a sandwich of transparent sheets 
to guide light to a screen, as shown in figure 16. The sheets 
form a relatively thin sandwich at the bottom, and are cut at an 
angle and given a frosted finish to form a screen, as detailed in 
figure 17. 

The image from the projector is compressed in one 
dimension, making it as thin as the sandwich of transparent 
laminations, The display decompresses the image to restore it 
to full size, so that perhaps 4 inches of picture height frorn the 
projector is expanded to several feet for viewing. Total internal 
reflection guides the light from the projector to the screen with 
little loss. In effect, the transparent sheets are working as 
optical waveguides. 

This is the sort of idea which seems obvious when you have 
seen it, like many of the best ideas throughout the ages. Some 
of the important details may not be quite so obvious, however. 
For example, high contrast is achieved partly by the use of 
black cladding of a lower refractive index than the transparent 
material. This is so designed that it does not absorb light from 
the projector, despite being black, but does absorb light 
shining onto the face of the screen (because of the different 
angle of incidence). 

Of course, some of the light falling on to the face of the 
screen must be at a suitable angle for total internal reflection to 
take place. This light will be guided down to the end where the 
projector sits, and there mostly dissipated because there is 
nothing to reflect it back the way it came. The overall effect is 
to give a black screen, even in a lit room. Light does not reflect 
off it to the extent which it does from a normal television screen 
or computer monitor, High contrast, even in high light levels, is 
a very useful characteristic. 

The fact that light will be guided back to the thin end of the 
wedge can be useful. Optical sensors could be used to detect, 
for example, a laser pointer shining on the screen, This could 
work, as another example, as a mouse for software training 
with a room full of people. 
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Figure 17: a detail of a Polyplanar Optical Display screen 
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3D - LCD VIEW NUMBER 


Figure 18: cross section of a 3D display showing the 
lenticular plate 


Of course, each line of video display requires its own layer 
of optical waveguide. For a standard computer resolution of 
1024 x 768, at least 768 transparent layers are needed. 
Efficient manufacturing is necessary if this type of display is to 
be economic in many situations. 


The concept is not limited to farge projection video displays. 


Curved is also an option. If production displays could be made 
from acrylic sheets, car instrument panels or, initially, aircraft 
instrumentation could be made more effective and adaptable 
using these displays. Equally, instead of a console having a 
screen in it, the whole console could be made as a planar 
display. 

Personally, | look forward to the computer display which 
forms the desktop. Finally Microsoft's opening windows screen 
will become literal reality! This would be particularly useful for 
CAD, as anyone who has worked with mechanical or printed 
circuit design packages would probably agree. 


3D displays 
Not so much a display as an addition to a display, this 


development from Philips may catch on in the PC community 
when it comes onto the market, 

Since 1994 Philips have been developing a type of 3D 
display which does not require the viewer to use special 
glasses. Instead, a lenticular panel is added to a normal colour 
liquid crystal display, though no doubt it could be added to 
other types of flat panel display, This is illustrated in cross 
section on figure 18. 

As an aside, it is interesting to speculate as to whether it 
would be possible to make the polyplanar optical display with a 
lenticular front so that it would become a 3D display. My 
estimate is that it probably could be done, perhaps at very little 
extra cost. A 3D display the size of a cinema screen would be 
spectacular! 

What the lenticular panel does is to refract the light from 
different pixels in different directions, so that each eye sees a 
different part of the image, as shown in figure 19. 

One might expect this to be workable only with one precise 
head position, and indeed systems using sensors to adjust for 
head position have been tried. However, the Philips Multiview 
3D-LCD Is truly autostereoscopic because no head tracking is 
necessary, and the technology has the potential to be 
economic for consumer 3D displays the price of liquid crystal 
displays continues to drop. Because head position is not 
tracked, the system is suitable for viewing by a number of 
people at the same time. This may be seen as an advantage 
over, for example, a VR headset. 

To make the picture appear as natural as possible is key. 
The 3D system uses multiple views, and without special effort 
the appearance would be of views which flip from one to the 
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Multiviewing with one video screen in the future 
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Figure 19: 3D viewing conditions. 


other, rather than a solid object. Also, the division between the 
images would appear as vertical black lines. The main 
challenges are to reduce the picket fence effect of the black 
mask and to try to get away with asfew perspective views as 
possible. 

Philigs’ solution is to ‘blur’ the boundaries between the 
views. This hides the black mask image by spreading it out 
and softens the transition between one view and the next, 
encouraging the user to perceive ‘solid objects’ instead of a 
succession of flipping views. One way to achieve this would be 


Applications envisaged for 3D video viewing 


to use a new pixel design in which the pixels are slanted with 
respect to the column direction, 

Another way is to place the lenticular at a smail (9.46 
degrees) angle to the LCD columns. The effect of either 
method is that, as the observer moves sideways in front of the 
display, he always ‘sees’ a constant amount of black mask, 
This renders the black mask, in effect, invisible and eliminates 
the picket fence effect. 

There is a downside to the ability to display 3D without 
special goggles. If you have a colour screen of 1024(x 3 for 
RGB) x 768, and you need seven views to give a fairly natural 
3D view, then each picture has only 438 x 256 x RGB 
resolution. LCD panels with greater resolution become 
disproportionately expensive, as the yield is reduced. Perhaps 
the lenticular solution will match well with another display 
technology, if one is available to give more pixels for less cost. 
We shall see. 


ET! wishes to thank the following in particular for data and 
background material for both parts of this article; Frank Cornelf 
of JDK (Fujitsu Electronic Devices); Joanne Korosi, MMD and 
Storm Communications (Pioneer), Blitz and Jonathan Dominic 
(NEC), Ruth Lloyd (Matsushita/Panasonic), Linda Kandy 
(Mitsubishi); K Van Berkel (Philios Research Laboratories); 
James Veligman (Brookhaven National Laboratory); Danielfe 
Leach of The Weber Group (Cambridge Display Technologies); 
Roger Bassett (GEC Alsthorn Engineering Research Centre) - 
and a number of other people who kinaly assisted us. 
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HT-8955 
Digital Echo 


This is a new echo unit by Robert Penfold based on the HT-8955 delay line chip 
which produces delays of up to 800 milliseconds, and the 41256 D-ram. Variable 
delay control also enables short echoes down to a reverb effect, 
giving maximum flexibility. 


n order to produce an echo effect a 
delay of at least 60 milliseconds is 
required, and the delay should 
preferably be adjustable up to around 
| 500 milliseconds or so. Generating 
delays as long as these is quite difficult, and in the 
distant past it required the use of tape machines. 
More recently the introduction of CCD delay lines 
has provided a neater alternative, but CCD devices 
capable of providing long delays are quite 
expensive. Digital techniques provide another 
alternative, but until quite recently this route has 
been both expensive and complex. Fortunately, 
things are different these days and the introduction 
of purpose designed chips has made It possible to 
! produce simple but effective digital delay lines. 

The digital echo unit featured here is based on 
the HT-8955 delay line chip which contains most of 
the circuitry required to produce delays of up to 
800 milliseconds. Included in the chip are 10-bit 
digital-to-analogue and analogue-to-digital 
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converters, a preamplifier stage, a clock generator, and a 
large amount of control logic. The only omission is the 
memory, which must be provided by a standard 4164, or 
41256 DRAM chip. These respectively provide maximum 
delay times of 200 and 800 milliseconds, and it is the 
41256 that is utilised in this unit. This makes it possible to 
obtain quite long echo effects if required, but a variable 
delay control also enables short echo effects to be 
produced. At the minimum delay setting the effect is rather 
more a reverberation type than a normal echo effect, 
giving the unit for the useful range of effect settings. 


System operation 
The way in which a digital delay line functions is basically 
quite straightforward. The essential ingredients are an 
analogue to digital converter, a digital to analogue 
converter, and some memory, !n a practical unit there must 
also be a fair amount of control logic to manage the flow 
of data in and out of memory. The basic action of the 
circuit is to start by writing the contents of the first 
memory location to the digital to analogue converter. Next 
the analogue to digital converter takes a reading which is 
stored in the first memory location, over-writing the 
existing contents of that memory location. This general 
procedure is repeated for the second and third memory 
locations, and all the subsequent locations, working 
through them in sequence. Once all the memory has been 
used the whole process is repeated. In fact this process is 
repeated for as long as power is applied to the'system. 

A delay is provided because the samples stored on one 
complete cycle of the system are not output until the 


i 
i 
i] 
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following cycle. The delay obtained depends on the rate at 
which samples are taken and the amount of memory used, 
As with any sampling system, there is definite limit on the 
minimum rate at which samples can be taken. The 
sampling rate must be at least double the maximum input 
frequency, and should preferably be three or more times 
this frequency. In this case we are using a minimum 
sampling frequency of about 30 kHz, which provides an 
audio bandwidth of about 10 kHz, This is something less 
than the full audio range, but is more than adequate to 
give good results. 

Pinout details for the HT-8955 integrated circuit are 
provided in figure 1, and the block diagram showing its 


HT-8955. 
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Figure 1: pinout details for the HT-8955 digital delay line chip 
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Figure 2: the block diagram showing the interest arrangement of the HT-8955 


internal arrangement appears in figure 2. As pointed out 
previously, virtually all the stages needed for a digital echo 
unit are included in this chip, with the only major exception 
being the memory. An operational amplifier is included at 
the audio input, and this is intended for use in the inverting 
mode. The preamplifier is followed by an analogue to 
digital converter, which has the usual high-speed 
comparator input stage. As one would expect, at the 
audio output of the device there is a digital to analogue 
converter. 

The HT-8955 is designed to operate with standard 4164 
and 41256 DRAM chips, and it requires only one memory 
chip. This brings a slight complication in that these chips 
provide one bit by 64k or 256k, but the converters are 10- 
bit types. Each 10-bit word read from the analogue to 
digital converter must therefore be placed in memory one 
bit at a time. The shift register is used to provide the 
parallel to serial conversion. Obviously the single bits of 
data stored in memory must be re-assembled into 
complete 10-bit words that can be read back by the digital 
to analogue converter. This serial to parallel conversion is 
provided by the same shift register. 

The delay time is controlled via the rate at which the 
address bus cycles through its 262144 addresses, which 
is in turn controlled by a built-in oscillator. Addressing 
some 256k of memory requires some 18 address lines, but 
the 41256 uses a simple method of multiplexing that 
enables addresses to be written in the form of two 9-bit 
words. An internal system clock oscillator and timebase 
generator circuit generates the control signals for the 
DRAM chip. An internal control logic circuit enables the 
chip to be set up for operation with the correct type of 
memory chip via a single input. 


Circuit operation 

As will be apparent from the circuit diagram of figure 3, 
using a dedicated delay in line chip enables a remarkably 
simple circuit to be used. Most pins on the HT-8955 (IC 1} 
connect to the corresponding pins on the 41256 memory 
chip (102). Pin 5 of |C1 is connected to ground for 
operation with the 41256 or left unconnected if the 
memory will be provided by a 4164 DRAM. In this case a 
41256 is used, and pin 5 is therefore connected to the 0- 
volt earth rail. R3 is the timing resistor for the system clock 
oscillator. VR1 and R4 perform the same function in the 
delay oscillator. The delay time varies from about 100 
milliseconds with VR1 at minimum resistance to around 
600 milliseconds when it is set at maximum resistance. 
The HT-8955 is probably being operated somewhat 
beyond its maximum guaranteed clock frequency in order 
to provide the shortest delay times, but the samples of the 
device | tested worked perfectly with sampling rates of 
more double the maximum used in this circuit. 

Capacitor C5 and resistor R5 are the discrete 
components in the bias circuit of the preamplifier. Due to 
the high value of R6& it is several seconds after switch-on 
before the input circuitry begins to function properly. 
During the first memory cycle random values are output to 
the digital to analogue converter, producing a burst of 
noise. The switch-on delay provided by C5 suppresses 
this noise and other glitches that would otherwise find 
their way into the audio output channel. Resistors R1 and 
R2 are the negative feedback network for the operational 
amplifier at the audio input of |C1, and they set the voltage 
gain at unity. Capacitor C4 couples the output of the 
preamplifier to output socket SK2, and the input signal 
therefore appears in non-delayed form at the output 
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Figure 3: the circuit diagram of the Digital Echo unit 


socket. It is important that there are no input signals at suppress any stray pickup of high frequency noise. 
frequencies close to the sampling frequency as these Additional filtering should only be necessary if the input 
could produce heterodyne tones on the audio output signal is not reasonably “clean” for some reason, 

signal. In this case we are not trying to push the system to In order to obtain an echo effect the delayed signal must 
its limits, and the minimum sampling frequency is around be mixed with the input signal. As the preamplifier is 

30 kHz. This is well above the upper limit of the audio operating in the inverting mode this mixing action is easily 
range, but capacitor C3 is used to provide a small amount achieved. Simply adding an additional input resistor 

of high frequency roll-off. This should be sufficient to converts the preamplifier into a simple summing mode 
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Figure 4: the component layout on a stripboard panel of 47 holes x 29 strips 
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Figure 5: the underside of the component layout showing the cutaways 


mixer circuit. The series resistance of RQ and VR2 
provides this additional input resistor, and VR2 enables the 
amount of feedback to be varied over wide limits. With 
VRe at minimum resistance the amount of feedback is still 
less than 100 percent, but this is essential because signals 
would otherwise circulate around the system indefinitely. 
Even with slightly less than one hundred percent feedback 
there would be a problem with excessive noise and a 
gradual build up in the signal levels. The maximum amount 
of feedback possible with this system represents a realistic 
maximum. With VR2 set at maximum resistance the echo 
effect is so slight as to be barely perceptible, but the effect 
can be switched out altogether by opening switch SW1. 
Like any sampling system, this delay line produces a 
stepped output signal that jumps straight from one sample 
level to the next. Some lowpass filtering is all that is 
needed in order to remove the steps and produce an 
ordinary audio output signal. In this circuit the lowpass 
filtering is provided by an active three stage (18 decibels 
per octave) circuit based on IC3. The cut-off frequency of 
the filter is approximately 10 kHz. 
The circuit requires a single five-volt supply, and this is 
derived from a nine-volt battery via monolithic voltage 
regulator |C4. The current consumption of the circuit is 
about 20 milliamps, making it preferable to use a fairly 
high capacity battery such as 6 AA size cells fitted in a 
plastic holder. If the unit is to be built in the form of a small 
pedal unit it can be powered from a “high power” PPS size 
battery, but this is likely to be a more expensive means of 
powering the circuit. 


Construction 

The stripboard layout for the digital echo unit appears in 
figure 4 (Component layout) and figure 5 (copper side 
view). All three integrated circuits are MOS devices, and 
therefore require the normal anti-static handling 


precautions. The most important of these is that they 
should be fitted in holders, and that they should not be 
fitted in their holders until the unit is otherwise complete. 
Until then they should be left in their anti-static packaging, 
and they should be handled as little as possible when it is 
time for them to be plugged into the holders. The 
integrated circuits should obviously be kept well away from 
any known sources of static electricity such as computer 
monitors. Note that the CA3140E used in the C3 position 
of this circuit is one of the few operational amplifiers that 
will work properly on a five-volt supply. The use of 
alternative operational amplifiers is definitely not 
recommended. 

Finding a suitable holder for IC1 might pose problems 
because 24-pin integrated circuits seem to exist in at least 
three different encapsulations. Most component retailers 
seem to offer the 0.6 inch spacing variety, whereas the 
encapsulation for the HT-8955 has 0.3 inch row spacing. 
Probably the easiest solution is to use ordinary eight-pin 
and 16-pin DIL holders butted end-to-end. Provided they 
are of the same make and type they will effectively 
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Figure 6: details of the hardwiring 
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produce a 24-pin holder having the correct row spacing. 

In most respects construction of the board is very 
straightforward, but be careful not to omit any of the 
numerous link-wires. Some of these are quite long and 
pass close to other wires. In order to avoid short circuits 
these wires must either be kept very taut or they must be 
insulated with pieces of PVC sleeving. The links are shown 
uninsulated for clarity on the prototype, but it is more 
secure to include the pieces of insulation. At this stage 
only fit single-sided pins to the board at the points where 
connections to the sockets and controls will eventually be 
made. 

The physical form of the unit must be varied to suit its 
intended purpose. If it is to be constructed as an effects 
pedal the case must be a fairly tough metal box. A diecast 
aluminium box is ideal, but cases of this type are relatively 
difficult to obtain and tend to be expensive. Cases of 
simple folded aluminium construction are much cheaper 
and easier to obtain, and | have always found them to be 
sufficiently strong for this sort of application. If the unit is 
constructed in pedal form, SW1 must be a heavy-duty 
pushbutton switch mounted on the top panel of the case 
so that it can be operated by foot. Standard jack sockets 
would be more appropriate for an effects pedal than the 
phono sockets specified in the components list. 

A metal instrument case is probably the best choice if the 
unit is to take a more conventional form. Either way, the 
low voltage gain and medium input impedance of the unit 
avoid any major restrictions on the general layout. 
However, try to avoid any long connecting wires to RV2 
and SW1, and keep this wiring well clear of IC2. The small 
amount of hard wiring is shown in figure 6. This should 
present no problems, and there is no need to use any 
screened cables. 


Testing and use 

in order to obtain a good signal to noise ratio from the unit 
it is essential to use a fairly high input level. The circuit can 
accommodate input signals having amplitudes of up to at 
least one volt peak-to-peak, and in most cases signals of 
almost twice this level will be usable. Ideally the input level 
should be about one volt peak-to-peak, and most items of 
equipment supply a signal at about this level. Two obvious 
exceptions are low output guitar pickups and virtually any 
type of microphone. In both cases a suitable preamplifier 
will be needed for successful operation with this echo unit. 
The voltage gain of the circuit is approximately unity, and 
connecting the unit between any signal source and an 
amplifier (or whatever) should give no obvious change in 
volume. Use good quality screened cables to connect the 
unit to the other pieces of equipment in the system. 

As explained previously, it takes a few seconds after 
switch-on before the DC levels in the circuit settle down 
and it starts to function properly. With VR2 well advanced 
in a clockwise direction and SW1 closed, the effect should 
be very obvious at any setting of VR1. With VRt set for a 
very short echo time a sort of simple reverberation effect is 
obtained, but with longer delays very obvious echoes 
should be heard, Backing off VR2 results in the initial 
echoes being reduced in volume, and it also results in 
each one being repeated fewer times before it subsides to 
an insignificant level. As with any effect, it must be used 
sensibly if it is to provide worthwhile results. Long echo 
times generally work best with sounds of an intermittent 


nature that enable the echoes to be heard reasonably 
clearly. The unit can be used with short echo times to add 
reverberation to practically any signal. This effect is very 
good at making singers with thin voices sound much 
better than they really are, and it is built into many karaoke 
units! 
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d Haigh gives continous edierage from 155KHz to 


30MHz. The Io OHI mn, be modulated, and a 1kHz spot faduendy fs is available for 


nyone interested'in constructing or servicing 

radio raceivers will at some tithe have felt the 

need for a signal generator. ‘A Unit of this kind is 

essential for the accurate alignment of a> 

superhet, and the ability ta determine tuning 
ranges with some accuracy can be aeenety ich when 
setting up simple receivers. 

The cost of purchasing a new signal generator is — 
substantial, even for a fairly basic miodel, and second-hand 
equipment dealers seem to specialise in laboratory 
instruments which carry an appropriate price tag. Designed 
with simplicity and the lowest possible cost very much in 
mind, the unit described here should more than meet the 
needs of most home constructors and experimenters. The 
entire MF and HF radio spectrumfrom 155kHz to around 
30MHz, is covered without a break, and harmonics extend 
the usefulness of the instrument well into the VHF region. 
The signal can be modulated, if required, and its amplitude 
is reasonably constant over the entire coverage. A spot 
frequency of around 1kHz is available for checking audio 
stages. 
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Although not quite small enough to be described as pocket- 
size (unless you wear a trench coat), it is lightweight and 
compact and will not take up an excessive amount of space 
on the ar lee 


The sadtiae 
The heart of any signal generator is, of course, the 
oscillator. A Butler source- coupled circuit was chosen for 
this design (first described in 1944, during the valve era, it 
was originally known as the cathode-coupled oscillator). 
This circuit oscillates vigorously with coils of modest 'Q', 
even when they are arranged in tuned circuits with 
comparatively high ratios of capacitance to inductance. A 
single-winding coil is all that is required: feedback windings 
or tappings are not needed: This simplifies range switching 
and widens the choice of commercially available inductors. 
Provision has to be made for modulating the RF output 
of the gehérator. If this is not done, it will not produce an 
audible toné in a domestic superhet. (A beat frequency 
oscillator is needed to make an unmodulated carrier wave 
audible, and these are only provided in communications 
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receivers.) A multivibrator is included for this purpose. This 
is another circuit which oscillates reliably, and it does not 
require close-tolerance components. 


The circuits 

The circuit of the unit is given in figure 1. Inductors L1 to 
L6, tuned by variable capacitor C2, determine the frequency 
of oscillation of Q1 and Q2, two fets arranged in the source- 
coupled Butler circuit. Range switch SW1A selects the 
appropriate coil (miniature RF chokes are used here), and 
C1 is an optional component, placed in series with the 
tuning capacitor in order to reduce its swing. More is said 
about this, and the coil shorting switch, SW1B, later. 

Zener diode ZD1 in combination with R2 keeps the 
supply voltage to the RF oscillator reasonably constant. The 
operating frequency of a Butler oscillator is not excessively 
dependant on supply voltage, but the kind of changes 
encountered with dry batteries (almost 10V with a fresh PP3 
battery down to 7V or so at the end of its useful life) will 
affect the calibration accuracy of the unit. In this circuit, ZD1 
only conducts when the battery is fresh, but it does prevent 
excessive voltage changes noticeably affecting the accuracy 
of the generator. 

C3 and C4 are RF bypass capacitors, and R3 ensures the 
correct biasing of Q2. The value of feedback capacitor C5 
has been chosen to ensure reliable oscillation, at the lowest 
operating frequency, with all specimens of 2N3819. 

The ‘hot’ end of common source resistor, R1, is.a 
convenient low-impedance point for extracting the signal 
from the.oscillator. Coupling capacitor C6 applies it to the 
gate of a source-follower buffer stage, Q3. Configured in 
this way, Q3 has a very high input impedance and a low 
output impedance, This minimises loading on the oscillator 
and enables the generator to be connected to other 
equipment by means of screened leads without an 
excessive drop in signal voltage. Equally important, the 


buffer stage Isolates the oscillator from the equipment under 
test and prevents any frequency ‘pulling’ or other 
disturbance to its proper operation. R4 ensures the correct 
biasing of the buffer stage. 

Output from the generator is developed across the 
source load of Q3, which is made up of R7, R8 and R9. 
SWS is wired to short out different sections of this resistor 
chain in order to vary the output voltage. In the maximum 
position, output is approximately 800mV RMS. This can be 
reduced to.around 400mV (down 6dB) and 200mvV (down 
12dB) by the operation of the on-off-on type toggle switch. 
Purists will no doubt point out that the output impedance of 
the generator changes slightly as the signal level is varied, 
but this does not detract in any way from the usefulness of 
the instrument. C9 functions as a DC blocking capacitor, 

Bipolar transistors Q4 and Q5 arranged in a conventional 
multivibrator circuit, provide the audio signal which is used 
to modulate the RF output of the generator. This 
arrangement is no more than two amplifier stages coupled 


~ together in such a way that the whole of the output is fed 


back to the input. A square wave with a rounded leading 
edge is developed across the collector load resistors. This 
is less than perfect ( a sine wave would be ideal), but the 
modulator does work well in practice, and the need for 
feedback transformers or close tolerance components is 
avoided. 

The peak-to-peak signal voltage at the collectors is 
approximately 3.5V. This is too vigorous for our purpose, 
and the output is accordingly taken from a tapping on the 
collector load of Q4, at the junction of R5 and Ré6, in order 
to reduce it to around 1V. With the component values 
shown, the operating frequency is in the region of 1kHz. 
However, the ceramic feedback and frequency determining 
capacitors, C8 and C10, have a wide tolerance, and the 
frequency of oscillation can range from around 800Hz to 
1.2kHz. R10 and R11 set the bias on the transistors, and 
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R12 is the collector load of Q5. 

Modulation is applied by connecting part of the collector 
toad of Q4 in parallel with R2 in order to impose the 
audio frequency oscillations on the supply voltage to the 
RF oscillator, Bypass capacitor C3 and zener diode ZD1 
modify the wave form of the AF modulation, but they are 
not able to suppress it. Indeed, C3 reduces the unwanted 
harmonic content of the multivibrator output, and the 
arrangement works well in practice. 

Rotary switch SW2 connects the RF and AF sections 
of the circuit to the power supply and selects the output 
required: unmodulated RF, modulated RF, and AF. Bypass 
capacitor C11 is connected across the supply when the 
multiviorator is operating. C7 is a DC blocking capacitor. 


Tuning arrangements 
In order to simplify construction and keep the cost of the 
unit as low as possible, a solid dielectric variable 
capacitor and miniature RF chokes are used to tune the 
RF oscillator. Because of their small size, the chokes have 
a comparatively high self-capacitance, and this reduces 
the tuning range which can be obtained with individual 
inductors. Nevertheless, continuous coverage from around 
150kHz to 30MHz can be achieved with only six switched 
ranges and a tuning capacitor with a 10 to 350pF swing. 
Polythene dielectric variable capacitors are often 
available very cheaply on the surplus market, and they can 
sometimes be salvaged from discarded transistor radios. 
Individual AM gangs usually have a swing of around 5pF to 
270pF, and connecting the aerial and oscillator sections in 
parallel produces a unit with a 10pf to 540pF swing. A 


maximum value of 540pF would result in excessive 
overlapping of the ranges and needlessly critical tuning, and 
provision is made on the PCB for wiring a fixed capacitor in 
series with the variable component in order to reduce its 
fully-meshed value to around 350pF, A capacitor of 1000pF 
placed in series with one of S40pF will produce the required 
value of 350pF. This is a useful starting point if a component 
is to be selected by trial and error. A surplus variable 
capacitor, connected in this way, was installed in the 
prototype generator. 
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Figure 1: the circuit diagram of the Signal Generator 
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25mm BOLT OR LENGTH OF STUDDING EXTENDS 


CAPACITOR SHAFT AND CARRIES POINTER 


2mm ACRYLIC SHEET 


SPINDLE BUSH Bec ca a 
NUTS CLAMP — 
SOLDERING 


SELF-TAPPING SCREWS. 
= 
ee 


; PIANO WIRE POINTER 
yf FIXED TO SOLDER LOG 


——___ 5mm x 5mm STRIP 


GEAR WHEEL 
CLAMPED BETWEEN 
WASHERS ~~ 


TUBULAR STAND-OFF 
ENLARGES DRIVE 
SPINDLE TO SUIT 
CONTROL KNOB 


BRACKETS CARRYING 
WORM SPINDLE SOLDERED 
TO LANDS ON PCB 


Figure 2: details of the drive, dial and pointer 


Tuning capacitors removed from low-cost transistor 
portables are not likely to be suitable: even when both AM 
gangs are connected in parallel, the resulting maximum 
capacitance is usually too low for our requirements. When 
using surplus or salvaged components, always check the 
vanes for shorting, over their entire swing, with a multimeter 
set to the highest resistance range. 

There is, of Course, no reason why a more expensive air- 
spaced component shouldn't be used if one is to hand. It 
will have to be mounted off the PCB, and the over-all size of 
the cabinet increased to accommodate it. Moving vanes 
should be connected to the negative supply rail, and any 
built-in trimmers are best removed. 


Absorption effects 
Inductors are tuned by their own self-capacitance to 
resonate at a particular frequency. Even when they are 
switched out of circuit, they can absorb energy from an 
adjacent inductor in a tuned circuit oscillating at this 
frequency, often to an extent where they quench oscillation. 
Because of this, inductors in multi-band tuners are usually 
either screened, or shorted out, or both, when not in use. 
The self-resonance of out-of-circuit inductors causes 
three sharp notches in generator output. Gaps in coverage 
are very narrow and will be of no concern to most 
constructors, The 330uH range 3 coil causes a notch in 
range 4 at around 2.8MHz. The 68uH range 4 coil affects 
range 5 at around 6.2MHz, and the 10UH range 5 coil 
affects range 6 at approximately 29MHz. This phenomenon 
can be eliminated by using SW1B to short out the offending 
inductors, Details of the necessary wiring are given in 
figures 1 and 3. 


Components 
Miniature RF chokes of the required inductance values are 
listed in the Cirkit catalogue. They are colour-coded in the 


WOCD FRAME 


~~ SPINDLE-BUSH (CUT 
FROM 5 AMP CONNECTOR} 


ALUMINIUM BOX 
AS CASE 


same way as resistors, and the value is given in UH. Cirkit 
can also supply a suitable variable capacitor. Manufactured 
by Toko, it incorporates two AM tuning gangs, each with a 
quoted value of 355pF, together with two 20pF FM gangs. 
Only one AM gang is needed for the generator, and its SpF 
minimum capacitance will ensure coverage above 30MHz. 
This capacitor is recommended to constructors who are 
purchasing a new component. 

If C1 is fitted to reduce the swing of a surplus or 
salvaged variable capacitor combination, it should be of the 
specified polystyrene dielectric type. Ceramic capacitors do 
not have such a good ‘Q’ factor, and the circuit may fail to 
oscillate on the higher frequency ranges, when the tuning 
capacitor approaches full mesh, if a component of this type 
is substituted, 

Inexpensive, plastic cased, Lorlin rotary switches are 
suitable for SW1 and SW2 and the tag identification letters 
and numbers given in figures 1 and 3 relate to these 
components. Together with the on-off-on (single pole 
double throw) toggle switch used for SWS, they are retailed 
by Cirkit and Maplin. 

The BC238 transistors are low cost versions of the BC108, 
but any small signal NPN transistors should prove 
satisfactory in the multivibrator circuit. The 2N3819 fets, 
and the rest of the components, are widely available. 
Suppliers of parts for the slow motion drive are quoted later 
to assist constructors who wish to duplicate the 
arrangement adopted in the prototype unit. 


The tuning drive 
\f a simple direct drive is to be adopted for the tuning 
capacitor, its stubby spindle will have to be extended so 
that a control knob can be fitted. Plastic extenders can be 
supplied by Cirkit. 

Although not essential, some form of slow motion drive 
will make it easier to set the generator to a particular 
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frequency. An epicyclic reduction drive, or a drum and cord 
drive salvaged from a transistor radio, could be used. |n the 
prototype unit, a worm and gear wheel drive were fitted. 
This compact system gave a reduction of 20:1 and made it 
possible to bring out all of the controls at the side of the 
case. 


Figure 2 and the photographs illustrate the arrangement. 


The plastic gear wheel is clamped between washers and 
secured to the spindle of the tuning capacitor by means of 
a 25mm long bolt or length of studding (2mm diameter 
metric thread) which also carries the dial pointer. Lock nuts 
hold the wheel and the pointer firmly in place. When 
tightening up the fixings, grip the actual capacitor spindle 


probably find suitable gears, spindle and brass strip at their 
local model shops. Maplin list items of this kind in their 
catalogue, and Greenweld, of 27 Park Road, Southampton, 
$015 3UQ (Tel 01703 236363), retail a range of plastic 
gears and matching spindles. 


Constructing the generator 

With the exception of the switches and C9, all the 
components are mounted on a PCB. Figure 3 shows the 
layout of the components and the connections to the 
switches and output sockets. Figure 4 depicts the foil side 
of the board. Veropins, inserted at the lead-out points, 
simplify the task of off-board wiring. 


RF OUTPUT SOCKET 


AF OUTPUTSOCKET 


COMMON ‘NEG' 


TOTAG 


TO TAG 4 


_- BATTERY POSITIVE 


9V BATTERY 


BATTERY NEGATIVE 


Figure 3: the component layout with details of the switch wiring 


with a pair of long-nosed pliers. Do not place any stress on 
the case or vanes of the component or it could be ruined. 
The worm drive shaft is supported by small brackets 
soldered to lands on the PCB. Suitable brackets can be 
fabricated from 6 x 1mm brass strip. Connectors removed 
from 5-amp terminal blocks (the type encased in polythene) 
are used to hold the shaft in position. A threaded stand-off 
or PCB spacer, plus a few turns of masking tape, enlarge 
the 2mm drive shaft so that a standard control knob can be 
fitted. Superglue locks the shaft inside the stand-off. 
Constructors wishing to duplicate the system will 


The PCB track layout makes provision for both screw- 
fixed and solder tag fixed variable capacitors, These 
capacitors must be orientated correctly or a 20pF FM 
section may be wired into circuit instead of the higher value 
AM variable. An examination of the component through its 
transparent case will usually reveal how the two FM and two 
AM gangs are connected to the pins and tags. If in any 
doubt, wire the capacitor to the PCB by means of short 
leads and check that the correct connections have been 
made before soldering it permanently into circuit. If two 
sections have to be connected in parallel in order to 
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increase the swing, this must be done by means of a wire 
link: provision is not made for this on the PCB. 

It is best initially to bridge the C1 position with a wire link 
and to insert the swing reducing capacitor later if 
excessive overlapping on the lower frequency ranges 
makes this desirable. This component is not required, and 
the wire link must be inserted, if the recommended Toko 
polyvaricon is used, 

If a screw-fixed capacitor is fitted, make sure the screws 
do not extend through its front plate or it may be 
damaged. 


Initial testing 
It is a good idea to test the unit before it is enclosed within 
a case. Check the PCB for badly soldered joints and 
bridged tracks, and check the orientation of the 
transistors, diode and electrolytic capacitor, Connect up a 
fresh QV battery. Current consumption with the generator 
switched to give an unmodulated RF output should be 
approximately 7mA. This will increase to around 15mA 
when modulation is applied, and be in the region of 8MA 
when only an audio signal is being delivered. 

Bring the unit close to a transistor radio, preferably an 
‘all-band' model. The receiver should pick up the 


modulated output from the generator when the two units 
are tuned to the same frequency. (It will probably be 
overloaded.) Check as many of the generator ranges as 
the receiver's coverage permits. 

Calibration of the generator must be postponed until it is 
enclosed in its case. 


Housing the generator 

When the tuning capacitor wiring has been finalised and 
everything is in working order, the PCB and switches can 
be mounted in a case. A metal enclosure is much to be 
preferred as it will shield the wiring of the generator from 
external influences and limit unwanted radiation. 

Figure 2 and the photographs depict the arrangement 
adopted for the prototype, which was housed in a 
standard AB13 aluminium case measuring 152 x 102 x 
50mm. Bringing out the controls at the end of the case 
has left the front free for the dial, which is very legible 
despite the modest dimensions of the unit. 

The battery is retained by an aluminium clip Superglued 
in position. A bush, salvaged from a discarded 
potentiometer, is provided for the spindle of the tuning 
control. The case exterior is finished matt grey, and rub- 
down transfers, indicating the switch and output socket 
functions, are protected by a coat of mat varnish. 

Rub-down transfers are also use to annotate the dial, 
which is marked out on thin card. The card is held in place 
by a frame formed from a 5-mm square strip of wood, 
Superglued together and painted matt grey. This frame 
provides clearance for a piano wire pointer, which is 
protected by a piece of acetate sheet, 2mm thick (the type 
of material used for DIY double glazing). A disc of white 
emulsion paint on the underside of the acetate hides the 
nuts and solder tag which secure the pointer. 


Calibration 

The dial of the prototype unit is reproduced in figure 5. 
This gives a good idea of the coverage obtained on each 
range with a 350pF tuning capacitor. The simplest and 


will give a good idea of the coverage of the six 
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Figure 4: the calibrated dial. Individual dials with vary, but the prototype reproduced above 
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easiest way of calibrating the unit is to connect it toa 
frequency counter and mark appropriate points on the dial 
as it is switched and tuned through its ranges. If the 
constructor has access to an ‘all-band’ radio with a digital 
frequency read-out, this will serve just as well, but 
remember to keep the input from the generator as low as 
possible or unwanted responses in the receiver may 
produce misleading dial readings. (Setting the generator to 
10MHz will produce harmonics at 20 and 30MHz to which 
the receiver will respond if the fundamental is strong 
enough.) If in any doubt, check the results against the 
prototype dial. The inductors are fixed and of fairly close 
tolerance, and the calibration should not deviate too far 
from the original. 

The use of a receiver with an analogue dial, unless it is 
of very high quality, is not likely to result in an acceptable 
degree of accuracy. However, if a crystal calibrator is 
available, this can be used in conjunction with an 
indifferent receiver to obtain results as good as those 
produced with a frequency counter. The technique involves 
injecting the calibrator signals into the receiver and setting 
the generator output to zero beat with them on their 
fundamentals and harmonics. The procedure takes time 
and a little patience, but a highly accurate dial can be 
marked out in this way. 
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Using the signal generator C11 
Articles describing the construction of receivers, or data 
sheets covering their servicing, usually give detailed 
alignment instructions. Some general guidance may, : inductors 
however, prove helpful. All miniature RF chokes 
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Always keep the generator output as low as possible. | fo 2200uH Cirkit 35-712256 
; 1000uH Cirkit 35-71105 


Keep reducing the signal level as the state of alignment 
reed corre fcr etee he peretor ated pes eect aout Cine a6-T1889 
: ; ; Ea 10uH Cirkit 35-71103 
is not likely to be necessary. Simply place the output lead 4 1uH Cirkit 35-71102 
close to the aerial socket or close to the wiring of the E Ps 

section under alignment. 

lf a domestic superhet is being aligned, the generator 
output must be modulated in order to produce an audible 
tone. Simple regenerative receivers, or communications 
receivers fitted with a BFO, should preferably be adjusted 
to render the unmodulated output audible. 

A high-impedance test meter, set to a low voltage 
range and connected across the AGC line, will afford a 
clear visual indication of comparative signal levels and 
enable the receiver to be aligned more accurately than it 
can by ear. 

If the IF stages are badly out of alignment, begin by 
injecting a signal into the base of the transistor (gate of 
FET or grid of valve) which feeds the final IFT and then 
work back towards the frequency changer, adjusting 
transformer cores to peak the output. Modern receivers 
often incorporate ceramic or mechanical filters and these 
devices, rather that the tuned transformers, determine the 
intermediate frequency of the receiver, When these are 
encountered, gently rock the generator tuning in order to 
establish the resonant frequency of the filters, then peak 
up the transformer cores at this setting. 

High performance, multiple conversion receivers have 
complicated alignment procedures which sometimes 
require specialised equipment. Anyone with the least 
doubt about their ability would be wise to leave the 
servicing of sets of this kind to authorised agents. 


330uH Cirkit 35-71334 


ELECTRONICS TODAY INTERNATIONAL 
35 


ver the past few years there has been increasing 

interest in projects based on PIC microcontrollers 

both within ETI and in other magazines. There 

have also been a number of articles written to 

introduce beginners to the device. | have been a 
programming PICs for the last four years, and | have 
developed a wide range of applications with different needs for 
functionality and processing power. 

In this series | hope to be able to take a design proved in 
earlier articles and build on them a range of library functions 
which may be of assistance in a variety of projects. | will be 
concentrating particularly on functions where | know 
programmers have had difficulty in the past, or which have a 
range of uses in different applications. 

All of the library functions which | will describe operate as 
self-contained applications in their own right. Readers may be 
reassured that they can start with the function, and adapt it to 
their own use, in the knowledge that it operates correctly in the 
base application. The functions 
shown in the articles will also 
be available on disk, or from 
the Web, 

lf people then want another 
series in ETI introducing 
readers to the PIC series of 
microcontrollers, then it may be 
possible to cover this later in 
the year. 

These are the areas which 
will be covered in this series: 


Interrupt driven serial communications, and debugging 
applications in-circuit 
Driving LED displays: multiplexed and non-multiplexed drives 
Driving LCD displays and modules 

Measuring and generating pulses 

Driving the l2C bus 

Using the peripheral functions of the PIC devices 

Using the 8-pin PIC devices 


Most of the projects in this series will Use a serial port to 
demonstrate their functions, as this is a cheap and effective 
method of getting information in and out of a PIC, In this first 
article we shall consider reading and writing to an RS232 serial 
interface on a PC. 

| shall assume a basic knowledge of PICs and PIC 
assembler language throughout this series. | shall avoid 


Robin Abbott tackles some PIC functions that give programmers difficulty. This 
month: a development board for 18-pin 16C84 or 16F84 devices. 


unwieldy code listings, instead showing how each application 
builds up in a series of small modules. All the examples may be 
compiled and simulated using MPASM and MPSIM, or the 
PICDESIM program from Forest Electronics. 


The 18-pin PIC card 

During this series | shall show several applications which run 
on general purpose development boards. One board is for 18- 
pin PICs, and the ‘84’ device (16C84 or 16F84) will be used as 
an example, The other board is for 40-pin PICs, and for these 
the ‘74’ device (16C74 or 16C74A) will be used as the 
example. 

In this issue | shall consider a small development board for 
16C84 or 16F84 devices. The circuit diagram of the board is 
shown in figure 1. It is based on the Basic interpreter module 
used in ETI over a number of issues in 1995. The component 
layout is shown in figure 2. This board can be easily 
constructed, and alternatively the circuit can be built on Vero 
board, The circuit contains a 
simple serial interface, which 
has been shown on a number 
of projects in the past. It also 
contains a brown-out reset 
circuit for protection of the 
program when the battery is 
changed, or when connecting 
or disconnecting a power 
supply. 

The circuit operates with a 
4MH2z crystal, which is the standard for a low range 84 device. 
In/Out capability is provided on a 16-pin dual in line socket, 
which may be used with a short header to connect to an 
application circuit, or to a prototyping board. Finally the board 
contains an 8-pin socket for an eeprom device operating from 
an !2C bus, This allows external storage eeprom, or to provide 
additional ram. 

The circuit is straightforward to construct. Insert the ic 
sockets first, then the resistors, transistors, capacitors, and the 
crystal. Finally insert the serial socket, and the power regulator. 
The board is drilled to accept either a 1A power regulator, or a 
100mA regulator. 


Delays 

There are two methods of generating delays for 
microcontrollers like the PIC. The first is to use software timing 
loops, where the delay is introduced by undertaking null 
operations for a defined period of time to stop the program 
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by the main program making the total delay 


8+3*(W-1). 
— Pts Listing 1 
PLa1 . 
{> PL&2 , 
PLaa ; Insert a delay of up to 772 cycles 


PL1a13[_ > 


PIC16C85 
OR 


Pic 16Ca4 


Gaus 


PLicia2L>—_——_*—_- 


during the delay. This technique has the advantage that the 
delays may be timed very accurately, normally to within one 
instruction cycle of the microcontroller. However no other 
functions may be undertaken during the delay, so this is not a 
useful technique for long delays. 

The second method is to use the device's internal timers, 
and to detect the end of delay period by the internal counter 
reaching a pre-set value, or to cause an interrupt when the 
counter overflows, and to undertake an action as a result of 
the interrupt. In this article we shall look at the former method, 
which is used for driving a serial port for the simpler devices. In 
later articles we shall look at using the internal timer for defining 
delays. 

Software timing loops are quite easy to write for PIC 
devices, because every instruction takes only one or two 
instruction cycles. An instruction cycle is four cycles of the 
device clock, so on the example board the instruction cycle 
time is 1 microsecond. This allows timing to be determined 
very simply. 

Despite this it can be quite tedious to write exact timing 
loops for different applications. For this reason the first 
software that the we will look at is a macro which allows a time 
delay of anywhere between 1 instruction cycle, and 180,000 
instruction cycles to be generated within the code 
automatically. The macro is used quite simply within the 
program as follows: 


Delay N 


Where N is the total number of cycles to delay. We will now 
examine how the macro operates. 

There are two code routines, and the macro inserts cails to 
these routines. Listing 1 shows the first delay routine which 
must be included within the program. This routine will delay 
any period between 7 cycles, and 755 cycles. As shown in the 
listing, the equation for the total delay is calculated as 5 + 
3°(W-1). Note that W needs to be loaded and the routine called 


rt > PLN 12,13 


Figure 1: PIC general purpose card circuit 


; Loop time = 5 + 3*(W-1), minimum 5 
; Call Delay 1 to add 1 cycle 
; Call Delay 2 to add 2 cycles 


; Remember it takes 2 cycles to call 
; this routine, and 1 cycle to load 
; W before calling it 


Delay2 nop a 
Delay1 nop a 
DelayO mowwf Delayindex a 
DelayLop decfsz Delaylndex , 1/2 
goto DelayLop ‘2 
Del4 return 72 


The basic routine (DELAYO) will only delay to the 
nearest three cycles. To allow any time to be 
delayed, the routine is preceded by two NOP 
statements, either of which may be called to add 
one or two extra cycles. 

For the longer time delay it is necessary to use an outer loop. 
Listing 2 shows a function which calls the short delay function 
in listing 1 a number of times. In similar fashion to listing 1 the 
total delay is 730 + (W-1)"728 cycles. 


Listing 2 


; Big delays need an outer loop 
; This delays 730 + (W-1)*728 cycles 


BigDel movwf DelaylndexH | 

BDLop moviw OxfO a 
call DelayO , 724 
decfsz DelayIndexH ; 1/2 
goto BDLop ee 
return 2 


The routines require two variables to be defined at the top of 
the program, these are Delaylndex, and Delaylndex1 (shown at 
the top of listing 3), We now come to the macros shown in 
listing 3. 


Listing 3 
cblock OxOc ; Variables in RAM 
Delaylndex 
DelaylndexH ; Delay variables 
endc 
noexpand 


; This macro delays an exact 
; number of clock cycles between 
: 0 at minimum or 186420 at max 


DELAY macro Cyc 
LOCAL Nx 
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-12V 


IDLE 


+12V 


BIT 0 BIT 1 BIT 2 BIT 3 BIT 5 BIT 6 


BIT 7 


Figure 2: a byte on an asynchronous interface 


SmallCyc=Cyc 
if (SmallCyc<8) 
if (SmaillCyc&1) 
NOP 
SmallCyc-=1 
encif 
while (SmallCyc>=4) 
call Del4 
SmallCyc-=4 
endw 
if (SmatiCyc==2) 
goto Nx 
Nx: 
SmallCyc-=2 
endif 


; Short delays 


endif 

if Cyc>.775 
BigCyc=(Cyc-.730} 
LoopDelay=BigCyc/.728 
moviw LoopDelay+ 14 
call BigDel 
SmallCyc=Cyc-(.730+LoopDelay*.728+3) 

endif 

if {SrnallCyc) 
LoopDelay=(SmallCyc-3)-5 ; Delay<=775 Cyc 
movlw LoopDelay/3+1 
call DelayO-LoopDelay%3 

endif 


, Long delays 


endm 


For delays of less than eight cycles, the macro simply inserts 
NOP, GOTO, or CALL/RETURN statements to delay the 
requisite number of cycles. For longer delays the macro inserts 
calls to the long delay time and/or short delay routines with the 
correct values loaded to the W register. The number of 
program words used by the macro is up to three words for 
delays less than eight cycles, two words for delays between 7 
and 775 cycles, and four words for delays greater than 775 
cycles, 

To use these functions, insert the macro into the program 
header, or at the top of the first file in the program. The delay 
functions may then be placed anywhere within the program 
memory, 


Serial interfaces 
The standard asynchronous serial interface is quite 
straightforward to read and to write from a device such as the 


PIC. We shall not use any of the hardware flow control signals 
(software flow control will be considered in the next article}. 

Figure 3 shows the waveform for a complete byte sent on 
an asynchronous serial interface. There are 10 bit periods in 
total. On the serial interface a voltage of about -12V represents 
“high”, and +12V represents “low”. In the idle state the serial 
interface is high. There is a single low start bit, followed by the 
eight serial data bits, least significant first. Finally there is a high 
stop bit. On a typical interface running at 9,600 bits per 
second at maximum rate, there are actually transmitted 960 
bytes per second. 

On the general purpose circuit shown in figure 1 the input 
is inverted and passed to the PIC on pin 1, the RA2 input. The 
input is also filtered by the negative power supply circuit 
formed by D20, R204/R205 and C201. This filtered voltage is 
passed to the output. The idle state is defined by leaving Q202 
turned off leaving the output at a negative voltage. To pull it to 
a high voltage Q202 is turned on by dropping pin RAS to a low 
level, 

We shall now look at a complete serial application. Listing 
4 shows the header and the main loop of a simple application 
which takes serial character passed to the PIC on the serial 
interface, and passes it straight back out on the same 
interface. Note that we will be using the same delay routines as 
shown above, and therefore the variables DelayIndex and 
Delaylndex1 are also defined. 

In listing 4 the processor frequency and required bit rate 
are defined. PROCFREQ is the processor frequency in kHz. 
BITRATE is the required baud rate on the serial interface, this 
will be one of the standard rates for communicating to a PC, 
but can be an arbitrary rate if two PiCs are communicating. 
These two values must be set up by the user. From these 
values the time for a single bit in instruction cycles is calculated 
in the value BITTIME. 


Listing 4 


#include “p16f84.inc” 


cblock 0x20 , Variables in RAM 
DelayIndex 
DelaylndexH ; Delay variables 
RxByte ; Serial byte received 
Temp ; Temporary variable 
Temp1 ; Temporary variable 
endc 


PROGRAMMER 
a 9-WAY FEMALE 


PC CONNECTOR TYPE: 
9-WAY MALE 


2 3 2 2 3 
3 2 3 3 2 
5 4 a 7 7 


25-WAY FEMALE 25-WAY MALE 


Figure 3: serial cable connections from the programmer to the host PIC 
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eee CREE 
PLI , 


+9V 


GND 


Figure 4: the component overlay of the card 


RxBit equ 2 . Receive bit 
TxBit equ3 ; Transmit bit 
SerPort equ PORTA ; Serial port 


#define PAGEOQ 
#define PAGE1 


bef STATUS,RPO 
bsf STATUS,RPO 


‘Set up the processor frequency and bit rate 


#define PROCFREQ 4000 —_; Processor Frequency in 
kHz 
#define BITRATE .19200 ; Baud rate in bps 


BITTIME EQU (PROCFREQ".1000/4)/BITRATE 


; Time for a bit in cycles 
start bst SerPort, TxBit 
PAGE 
moviw ~(1<<TxBit} 
andwt SerPort 
PAGEO 
movlw 'K’ 
call TxW 


; Set transmit output 


lop call Receive 


call TxW 
goto lop 


The main program sets up the ports of the PIC so that RA2 is 
an input and RAS is an output. It then calls the function TxW 
with a letter ‘K’ in the W register, which sends the letter to an 
attached PC at power up. The program then enters a 
continuous loop which waits for a character to be received 
using the function Receive, the received byte is then 
transmitted straight back using TxW. The functions Receive 
and TxW are described below. 

The function Receive is shown in listing 5. 


Listing 5 
;Wait for a byte to be received 


Receive btfsc SerPort,RxBit 
goto Receive 


; 1/2 wait for start bit 
; 2 Avg. 1.5 cycles here 


moviw 8 71 pick up 8 bits 

movwf Temp 71 
DELAY BITTIME*3/2-(BITTIME-7+2+4) ; Wait middle of stop 
RxLoop DELAY BITTIME-7 ; 


bef STATUS,C * 1 sample incoming bit 
btfsc SerPort,RxBit | 
bsf STATUS,C a 
rrf RxByte . 1 rotate data LSB arrives 
first 
decfsz Temp | 
goto RxLoop es 
WaitEnd btfss SerPort,RxBit , Wait for end of last bit if 
0 
goto WaitEnd 
movfw RxByte 
return 


This function takes only 18 program words. It enters a 
continuous loop waiting for the input to fall. Once a low is 
detected, the program waits for half a bit (so that sampling is in 
the centre of the received bit) and then enters a loop where a 
single bit delay is incorporated. The input is then sampled and 
rotated into the variable RxByte which holds the received byte. 
Once all eight bits are read the function waits for the end of the 
last bit (to avoid detecting a low bit as a start bit if the function 
is re-entered quickly). It returns with the received byte in 
RxByte and the W register. 

The function TxW is shown in listing 6. It transmits nine bits 
in total, the first bit is always O (for the start bit), followed by the 
eight data bits. Finally it waits for at least one bit with the 
interface in the idle state for the stop bit. Note that some care 
must be taken to ensure that the bit duration is the same 
whether a O or a 1 bit is to be transmitted. 


Listing 6 


CSIISIIISIIOID III III ISI IOI RFR EH 
! 


, Transmit single character in W 


ORIGINS IDI III OI IO IOI RIOR Ra Rew ie 
1 


TxW movwf Temp 

moviw 9 

movwf Temp1 

bcf STATUS,C : first bit is start bit 
TxLoop btfss STATUS,C  ; 1/2 Set output bit 
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goto ZBit =2 

bsf SerPort,TxBit ; 1 

goto NBit 2 
ZBit bef SerPort, TxBit ; 1 

nop ; 1 Make both arms of loop equal 
NBit DELAY (BITTIME-9) ; Wait for next bit 

rf Temp | 

dectsz Temp1 co 

goto TxLoop ee: 

bsf SerPort, TxBit ; 1 Stop bit 

DELAY BITTIME ;50 Stay idle after Transmit 

return 72 


Assembling the application 

To make a single file with the complete application ready for 
assembly the listings shown above are merged as follows. 
Take listing 4, and add the definition of the DELAY macro 
shown in listing 3 at the top. Now add the delay routines 
shown in figures 1 and 2, and the transmit and receive 
functions shown in listings 5 and 6 at the end of the file. The 
complete file may then be assembled to create the application. 
Program a PIC 84 with the code, insert it into the application 
board, and connect it to a PC on a 9-pin serial interface. The 
wiring of the cable is shown in figure 4. We are now ready to 
test the simple serial interface. 


Testing and experimenting 

The best way to test the interface is to the use a terminal 
emulator. ‘Hyper terminal’ included with Windows 95 is a good 
example. Set the emulator to operate on the communications 
port that you have connected to the PIC, and to set it to 

19200 bits per second, 8 bits, no parity, and no flow control. 
When power is applied to the application board, then 
characters typed at the PC should be echoed back. A ‘Kk’ 
character should always be received when the board is 
powered up. 

To perform a comprehensive test of the interface, we can use a 
simple QBasic program, as shown in listing 7. This program 
transmits random characters to the serial interface, and checks 
that they are read back correctly, 


Listing 7 
OPEN “COM1:19200,N,8,1,RS,DS,BIN” FOR RANDOM AS #1 


Errors = 0 
Oks = 0 
hé=Q 
CLS 


WHILE 1 


RandSend = INT(RND * 64 + 32) 
PRINT #1, CHR$(RandSend); 
WHILE LOC(1) < 1: WEND 


nc=nc +1 

in$ = INPUT${LOC(1), #1) 

IF ASC({in$) = RandSend THEN 
Oks = Oks + 1 

ELSE 
Errors = Errors + 1 

END |F 

IF ((n¢ MOD 100) = 0) THEN 


PRINT "Characters OK= “: Oks; 
PRINT “ Characters in Error="; Errors 
END IF 
WEND 


It can be quite instructive to try changing the data rate of 
interface within the PIC, and then testing the board to 
determine the maximum bit rates achievable. The prototype 
worked with no errors at up to 38400 bits per second, but 
failed at a 57600 bits per second. For safety | assume a 
maximum rate of about 19200 bits per second is safe for a 
variety of applications. However higher rates should not be a 
problem with a higher processor frequency, and a better 
RS232 serial interface circuit such as one based on a MAX232 
device. 


Next episode 

Next month we shall take a look at interrupt driven serial 
communications, using both the 84 device, and the hardware 
provided on a 74 device. We shall also look at using this 
month’s code as a debugging tool to enable devices which are 
running in circuit to be examined. 


Obtaining code 

At the end of this series a disk with all the examples shown in 
the series will be available. The programs may also be 
downloaded from the web, and a web address will be provided 
as soon as this has been set up. The author is a happy to 
answer questions on the series at his own email address: 
robin.abbott@dial.pipex.com. 


10u 
100n 
47u 
22p 
100u 


PIC 16C58 or 16C84 
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Let your car headlamps help you to the door with this add-on car circuit 
by Terry Balbirnie 


fter you have driven home in the dark, this 

circuit will allow you to walk to your front door 

using the headlamps to light your way. To use 

the device, you press a button on the unit 

before getting out of the car. The headlights 
will then operate and switch off automatically a short while 
later. 

Owners of garages which do not have mains lighting 
installed will find this circuit particularly useful. The light 
reflecting from the interior walls will be more than sufficient 
to light up your route to the door without stumbling over 
the tools and garden equipment which you always meant 
to put somewhere safer. 


Dashboard-mounted 

The circuit is housed in a small plastic case mounted 
under the car dashboard or in some other convenient 
place. On the front edge is the push-button switch which 
activates the lights and an LED indicator which shows that 
the circuit is operating (see photograph). A piece of screw 
terminal block on the rear is used to link the unit to the car 
electrical system. Connections will need to be made to 
four points: the headlight main-beam circuit, to a fuse 
which is active only while the ignition is on, to a fuse 
which is live all the time and to vehicle “earth". 

There is an on-off switch on the rear of the unit but this 
will not normally be used because the circuit is usually left 
switched on. The standby current requirement is very small 
{about 300UA) so it will not drain the battery significantly 
while the car is left standing, as long as your battery is in 
reasonable health. (If you are leaving the car unused for a 
couple of weeks or more, it is prudent to switch the unit 
off.) The unit will only work while the ignition is switched 
off, and this prevents inadvertent operation while the car is 
in motion, If it were possible to do this, the lights would 


come on if the button was pressed accidentally and this 
could be dangerous and confusing to other road users. lf 
operation needs to be cancelled for any reason, it is only 
necessary to switch the ignition on then off again. 

In the prototype unit, the time delay is adjustable 
between ten seconds and four minutes approximately, This 
will be found sufficient for most purposes and will be set 
for the required effect at the end of construction. It would 
be a simple matter to extend the period, but the user 
would need to be sure that the car battery was kept in a 
good state of charge. If it was drained excessively, the 
engine would not start the following morning, A pair of 
headlight filaments require some 120W which corresponds 
to about 10A on the standard 12V system, Two minutes of 
operation will only drain the battery by some 0.3Ah or 
about 1 percent of its total capacity. 


How it works 

The circuit is shown in figure 1. The timing section does 
not need to be very sophisticated, because the operating 
period does not have to be particularly accurate, A simple 
monostable based on CMOS 5565 timer (IC1} will do the 
job well. 

The circuit is powered from a continuous feed ("+12V 
direct") obtained from the car electrical system. This is 
made via an existing fuse, internal fuse FS1, on-off switch 
SW2 and diode D3. FS1 provides protection should a 
wiring error be made. The diode, in conjunction with 
capacitor C4, smoothes the supply. This may be thought 
unnecessary because the circuit only works while the 
ignition is off, so it will receive a smooth feed direct from 
the car battery. However, the unit is connected to the 
electrical system all the time and when travelling along a 
“noisy” supply from the alternator could possibly cause 
false triggering. 


4+12V VIA IGNITION 
FS1 


ae +12V DIRECT 
RELAY 
‘MAKE! CONTACTS 

LIGHTS 

CAR CHASSIS 


Figure 1: the circuit of the Headlamp Delay 
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Assume for a moment that the ignition is switched off. 
There is therefore no +12V feed to the anode of D1. 
Resistor R2 keeps the base of transistor Q1 low so it 
remains off and no collector current flows. The collector is 
therefore maintained in a high condition via resistor R3. 
This high state, when applied to IC1 pin 4 (reset input) 
enables operation of the monostable. However, nothing 
will happen until it is triggered by a low pulse applied to 
the trigger input (pin 2). This is the purpose of push-button 
SW1t. When this is operated for an instant, a low state is 
transferred to pin 2 and this initiates a timing cycle. R4 
keeps pin 2 normally high and this prevents false 
operation. 

While timing, IC1 output (pin 3) goes high and current 
enters the base of transistor Q2 through current-limiting 
resistor, R6. Collector current then flows through the coil 
of RLA1 so energising it. The normally open (“make”) 
contacts then close and direct current from the direct 
+12V feed to the main beam filaments of the headlight 
bulbs, At the same time LED1, connected in parallel with 
the relay coil, operates with current limited to its correct 


working value by series resistor R?, D2 
bypasses the reverse high-voltage pulse 
which appears across the relay coil 
when the current switches off. Without 
this, semiconductor components in the 
circuit could be damaged. 

The time during which the relay 
remains energised, and the lights on, 
depends on the time period of the 
monostable. This, in turn, is related to 
the values of R5, RV1 and C3. With the 
values given, this will be some ten 
seconds (with RV1 wiper at minimum 
adjustment) and four minutes (when set 
to maximum). Due to the large tolerance 
of the electrolytic capacitor used for C3, 
these timings are subject to fairly wide 
variation. To extend the timing, the value 
of C3 could be increased in proportion. 
However, this would need to be done 
with caution for the reason mentioned 
earlier. 


Feeling inhibited 

When the ignition is switched on, a +12V signal ("+12V via 
ignition”) is applied to the base of Q1 via D1 and R1. The 
transistor switches on, and the collector goes low. When 
applied to IC1 pin 4, this resets the ic and inhibits 
operation. Even if trigger switch SW1 is pressed, nothing 
will happen. If the ignition is switched on during the course 
of timing, IC1 will reset and operation will be cancelled. C1 
smoothes the signal arriving through D1 to prevent the 
noisy alternator output from possibly triggering the circuit. 
C2 keeps IC1 reset input low for a short time when the 
circuit is powered-up and this prevents possible self- 
triggering when the supply is first connected. 

RLA1 must be chosen with some care and the specified 
device has worked well. Its “make” contacts must be 
capable of carrying the large current {about 10A} needed 
to operate the headlight filaments. However, just as 
important is their ability to switch the much higher “inrush 
current" which occurs at the instant of switching on. This 
comes about because the resistance of the cold lamp 


swe2 


+12V VIA IGNITION 
+12V VIA FS1 
LIGHTS 


CAR CHASSIS 


Swi 


Figure 2: the component layout. Note the reinforced tracks, essential for heavy current-carrying in this project 
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+12V DIRECT 
VIA EXISTING FUSE 
LIGHTS 


+12V VIA IGNITION 
CAR CHASSIS 'EARTH' 


Figure 3: the in-car connections 


filaments is much less than at operating temperature. In 
practice it will probably be necessary to use a relay which 
has been specially designed for heavy-duty automotive 
applications (see the Parts List). 


Construction 
The PCB layout for the Headlight Delay is shown in figure 
2. Begin by drilling the two mounting holes in the PCB, 
Solder the relay, ic socket and PCB-mounting screw 
terminal block, TB1 in position. Reinforce the tracks from 
each relay “make” contact pin to the corresponding 
position on the terminal block. This should be done along 
the entire length of each track using 18 SWG tinned 
copper wire as indicated. Doing this is important, 
because these tracks carry the entire headlight current 
while the unit is in operation. 

Solder all remaining components in place taking 
particular care over the polarity of the diodes, LED, 
transistors and electrolytic capacitors C3 and C4. Arrange 


for the LED to stand about 15mm above the circuit panel, 
then bend the leads to right-angles so that the body 
projects to the front (see photograph). Adjust the preset 
fully clockwise (as viewed from the top edge of the PCB) 
to give minimum timing, which will be convenient to begin 
with. Solder short pieces of stranded connecting wire to 
the points labelled “SW1” and “SW2”. 

To prepare the box, begin by drilling a hole in the rear 
for on-off switch, SW2. Drill two holes to attach the four- 
section piece of 15A screw terminal block. Allowing space 
for the fuse holder on the bottom of the box (see 
photograph), hold the PCB in position bending the LED 
leads out of the way as necessary. Mark through the 
mounting holes and drill these through. With the PCB held 
slightly above the base of the box in its correct position, 
mark the position of the LED on the front panel. This 
should be somewhere along the centre line. Remove the 
PCB and drill a small hole so that the tip of the LED 
protrudes slightly through it when the PCB is in position, 
Drill a hole for push-button switch, SW1. Make sure that 
this and the LED are in a straight line since the final 
appearance of the unit largely depends on how well this is 
done. Mount the switches and fuseholder, then attach the 
PCB using plastic washers on the bolt shanks so that the 
soldered connections on the underside remain clear of the 
base of the box. Take care that the top of the relay is not 
left too high for the lid of the box to be fitted, Wire the 
“SW1” and “SW2” wires leading from the PCB to the 
appropriate switches. 

Mount the piece of 15A terminal block (TB2) on the rear 
of the unit. Refer to figure 3 and wire it up. It is essential 
to use stranded wire of 10A rating minimum for the 
connections from TB1 terminals 2 and 3, The connections 
from TB1 terminals 1 and 4 may be made using light-duty 
wire. 

Insert IC1 into its socket. Since this is a CMOS device, 
it could be damaged by static charge. Touch something 
earthed (such as a water tap) before handling the pins. 


Testing 

The circuit can be tested using a bench 12V 
supply rather than connecting it up immediately 
to the car system. It will then be easier to correct 
any small faults. The prototype was even found ta 
work using a 9V battery. Connect the positive 
and negative terminals of the supply to TB2 
terminal 1 (“+12V direct") and TB2 terminal 4 (“car 
chassis”) respectively. Press SW1 and note that 
the LED lights and the relay clicks, After a short 
time, the LED and relay should go off. If the 
supply voltage is too low, the LED will still show 
correct operation but the relay will not work. If this 
check shows that all is well, attach the lid of the 
box. 


Connecting up 

Locate the outlet side of a fuse which is live all 
the time and which has a current rating of at least 
16A. A suitable feed may perhaps be obtained 
from the existing headlight flasher circuit. It is 
essential that the wiring is thick enough to carry 
the current involved and also that the fuse has 
sufficient current rating. It may be possible to 
obtain a supply from the cigarette lighter socket 
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wiring instead, but check that the fuse has sufficient current 
rating and that the circuit is “live" all the time (that is, with the 
ignition either on or off. Do not up-rate a fuse without due 
care and, if necessary, seeking professional advice. 


a 
« 


At, 
R2. 
R5 


Locate the outlet side of a further fuse which only becomes R6 
live when the ignition is switched on. Any such fuse will, do R7 
because the additional current needed by the circuit is only a ee 
fraction of a milliamp. Now, disconnect the car battery positive Capacitors — 
terminal. This will avoid accidental short-circuits. os 


Decide on a suitable position for the unit - possibly under 
the dashboard - and make connections to the terminal block 
in the following way: From TB2 terminal 1 to the outlet side of 


C3, C4 


Semiconductors 


the fuse which is live all the time. From TB2/2 to the main 7555 

beam headlight circuit. This could possibly be made to the 1N4001 
output side of the headlamp flasher switch. It is important to 1N4148 
make this connection before the existing fuses. Use ZTX300 


automotive-type wire of at least 10A rating for these two 3mm red LED 


connections, From TB2/3 run a piece of light-duty auto-type 
wire to the outlet side of the fuse which is live only when the 
ignition is on. Finally, connect TB2/4 to the vehicle chassis 
(“earth”). The most convenient method is to find an existing 
nearby earth point. Again, light-duty wire may be used for this. 
For all wiring, use automotive connectors of the appropriate 
type. Also, wherever a wire needs to pass through a hole in 
metal, a rubber grommet must be used. Do not, under any 
circumstances, use "twisted and taped” joints. The wiring 
diagram in the workshop manual will help if difficulty is found 
with this work. Attach the unit under the dashboard or as 
required using adhesive fixing pads or a small bracket. 
Connect the car battery and test the system. Over a period of 
time, RV1 may be adjusted to provide the required delay. 


or CMs “4s Ee SE ee 


neous 
Miniature push-to-make switch 
Miniature SPST slide or toggle switch 
20mm 10A “slow blow” fuse and 
chassis fuse holder 

Four sections of PCB-mounting screw 
#minal block - 5mm pin spacing 
‘sections of 15A screw terminal 


ype relay with 12V coil 
‘contacts rated at 164 


box for project. 


BASIC Stamps- 
reprogremmable stamp sized conpulers 

Casy to use BASIC language 

@ 8 or 16 Input/Output lines each 20MA capability 

@ 80 or 500 Program lines 

®@ Re-programmable thousands of times from PC 

or Mac @ 5-12vDC Supply. Stamps from £25.00 each. 
Development Kits including programming sottware, 
Stamp, Cable, Project Board and 25+ Application 
notes from £79.00. 


DISTANCE 
LEARNING COURSES in: 


Analogue and Digital Electronic 
Circuits, Fibres & Opto-Electronics 
Programmable Logic Controllers 
Mechanics and Mechanisms 
Mathematics 


MUSCLE WIRES 

Wires that contract approx 5"%o when heated Ji 
feg 250mA current) -120 page Project book 
and 3 one metre lengths of wire. £40.00 


st. Courses to suit beginners 

and those wishing to update 

their knowledge and practical skills 
“© Courses are delivered 

as self-contained kits 
“» No travelling or college attendance 
&y Learning is at your own pace 
*< Courses may have 

BTEC Certification and Tutoring 


STAMP BUG 
Autonomous roving insect using the BASIC Stamp 
as ils “brain”. Approx 300mm overall length. 

KITS FROM £29.00 __. cee 


LYNX ARM 

5 Axrs robet arm kit; approx size 300mm, 

Control from any serial comms port or Stamp. 
Includes software to run from PC. KITS FROM £85.00 


For information contact: 

NCT Enterprises 

Barnfield Technology Centre 

Enterprise Way, Luton LU3 4BU 

Telephone 01582 569757 * Fax 01582 492928 
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Part 1: The basics - and the workhorse ics 


Proper choice of components can make RC timing circuits more accurate than you 
might expect, as Owen Bishop describes 


he concept of time is deeply built into our 
everyday life, even in such casual phrases as 
‘Good morning!’, ‘Hurry up!’ and ‘Have a nice 
day!’. All imply the passage of time. Yet the 
more we probe into the nature of time, the 
more difficult it is to understand, Does it always run from 
past to future, or can it sometimes run backward? Does it 


march relentlessly at a constant rate, or does it pass faster 


for some people or in some places? But when we emerge, 
perplexed, from our thoughts on the theories of time and 
wonder how long it is till tea-time, we have only to glance 
at the clock to know the answer. Practical time, to us, is 
real time! 

However, this mysterious aspect of the universe can at 
least be measured locally with a wide range of techniques, 
some of them of astonishingly high precision, The Earth 
orbits the Sun, the Moon orbits the Earth and the Earth 
spins on its axis, These natural physical processes give us 
our fundamental units of time, the year, the month and the 
day. Primitive societies do not need any others. With the 
increasing pressures of agriculture and civilisation, we 
added hours, minutes and seconds to our timing, and 
many kinds of instrument to measure them. Some, like the 
sundial, rely on the spinning of Earth. Others rely on the 
reasonable constancy of processes such as sand running 
through a hole, water dripping from a vessel, or a candle 
burning down. There are sophisticated mechanical devices 
based on the regular rhythms present in certain physical 
laws, of which the pendulum and the balance wheel are 
the two main examples. These are precise enough for 
almost all everyday timing. 

In many fields, electronic clocks have largely replaced 
mechanical ones. Some of these rely on electrical 
processes, such as the charging of a capacitor. Some are 
using electronics only to interface the timing display to a 
non-electronic process. In a quartz crystal clock, for 
example, the electronics link the timekeeping circuits to 
the mechanical vibrations of the crystal lattice. !n a 
caasium atomic clock, electronics are used to probe into 
the natural time-dependent behaviour of the caesium 
atom. This will be a practical series, and atomic clocks are 
a bit too difficult to build at home, so | will direct my 
attention mainly to charging capacitors and to crystal- 
based oscillators. 


Figure 1: charging 
a capacitor from a 
constant voltage 


The RC network 

In figure 1, current from a constant voltage source Vs is 
flowing through a resistor of resistance R, and charging a 
capacitor of capacitance C. At any instant the valtage 
across the capacitor plus that across the resistor is equal 
to Vs. At time zero, the capacitor is uncharged, so that Ve 
= 0. The voltage Vs across the resistor is therefore equal to 
Vs. Current passes through the resistor and, according to 
Ohm's Law, | = Vs/R. 

The current begins to charge the capacitor. Over a 
period of t seconds, the charge in Q coulombs carried by 
a current of IA is given by Q=It. From this we can 
determine the voltage across the capacitor, which is given 
by Vc = Q/C. All of these equations depend directly on the 
definitions of the ohm, the coulomb and the farad. Note 
that if | varies, so do @ and Vc, As current begins to flow 
into the capacitor, charge builds up and Vs starts to 
increase. Because of this, VR starts to decrease, since Vii 
= Vs -Vc, We should therefore re-write the Ohm's law 
equation as: 


| = (Vs -Vo)/R. 


Now we can see what is happening. To begin with, Ve= 0 
and | has its maximum value, depending on the value of Vs 
and R. But as soon as charge begins to build up across 
the capacitor, the voltage across the resistor is reduced to 
Vs - Vc, and there is a corresponding reduction in |. 

As | becomes smaller, so the amount of charge carried 
per second is smaller, and the rate of increase in Vs is 
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Figure 2: the way in which current through the resistor and 
the voltage across the capacitor vary with time 


smaller. V: continues to rise but at an ever-decreasing rate. 
Figure 2 shows the way in which | and Vc change in time. 
Current begins at a maximum and falls at an ever- 
decreasing rate toward zero. The voltage across the 
capacitor begins at zero and rises at an ever-decreasing 
rate toward the source voltage. The curves are exponential 
and therefore somewhat complicated to describe, but a 
helpful concept is that of time constant. It can be shown 
that the voltage reaches 63 percent of the source voltage 
after a period of time t, the time constant of the circuit, 
and that t = RC, So the time constant is directly 
proportional to both the resistance and the capacitance, 
and to nothing else. 

It is not possible to say how long it takes to charge the 
capacitor to the full source voltage. In theory, it never 
charges completely, such is the nature of an exponential 
curve. There may be practical reasons too, for most 
capacitors have a certain amount of leakage and 
eventually the charging current just equals the leakage 
current, and no more charge is stored. As a rule of thumb, 
we can take it that the capacitor is fully charged (actually 
just over 99 percent) after 5 time constants. 


Practical resistors 

Since the time taken to charge a capacitor depends on 
the value of the resistor, any critical timing circuit based on 
capacitor charging required precise and stable resistors. A 
5 percent tolerance resistor gives a timing error up to 5 
percent, which may be acceptable in an egg-timer but not 
in a digital clock. For most circuits, we use 2 percent or 1 
percent tolerance metal film resistors, with tempcos 
(temperature coefficients) in the range +/-50 to +/-200 
parts per million per degree Celsius. For more critical 
circuits, metal film resistors with 0.1 percent tolerance are 
obtainable with a tempco of only +/-15 ppm/degrees C. 
For the most precise work (but see next paragraph), there 
are wirewound 0.1 percent precision resistors with a 
tempco as low as +/-3 ppm/degrees C at temperatures 
around room temperature. For the really precise circuits 
such as digital clocks we abandon the RC network in 
favour of the crystal oscillator. 


Practical capacitors 

The time constant of a circuit is no more precise than the 
least precise of the components. There is no point in using 
a high-precision resistor in conjunction with a low- 
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Figure 3: a monostable circuit based on a 7555 timer 


precision capacitor. Unfortunately the precision of readily 
available capacitors does not match that of resistors. The 
only really precise capacitors are polystyrene foil with a 
tolerance of 1 percent and a tempco of -125 +/-60 
ppm/degrees C. The next most precise are multilayer 
ceramic capacitors type COG or NPO. These have only 2 
percent tolerance but their tempco is low, from zero to 30 
ppm/degrees C. 

So, if you trim the resistor to match the particular 
capacitor that you are using, you can obtain a 
temperature-stable time constant. Note that not all 
ceramic multilayer types are suitable. The Z5U type, for 
example, has tolerances of -20 percent to +80 percent 
and a very high tempco from +22 percent (Yes, percent) 
to -56 percent. There is no use for this in a timing circuit. 

The problem with the capacitor types described above 
is that they are not available in values larger than about 
10nF. This keeps time constants short, in the milliseconds 
range. If a longer time constant is required, we can use 
polycarbonate capacitors, which range up to 10uF. These 
give us time constants of seconds or tens of seconds 
duration. They generally have 5 percent tolerance and a 
tempco of less 1 percent/degrees C, and much less at 
temperatures around room temperature. The relatively 
poor tolerance can be circumvented by including a 
variable resistor in the network and adjusting this to adjust 
the timing. If we need a longer time constant we would 
need to use capacitors of 100uUF or more. The only way to 
obtain capacitance of this order is to employ aluminium 
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Figure 4: changes in voltage levels in figure 3 during one 
cycle of operation 
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electrolytic capacitors or tantalum capacitors. These 
always have very poor tolerance (+/-20 percent is typical), 
They also have rather large leakage currents, typically 1uA 
to 3uA, which compares badly with the types mentioned 
above which have resistances of the order of 10 gigohms 
to 1 tera-ohm, making leakage currents at 10V, only 
100pA or much less. The capacitance of the aluminium 
electrolytic type alters appreciable with age, and also 
depends on the voltages they have been subjected to in 
use, which means that timing circuits must be readjusted 
regularly. In summary, these two types of capacitor are 
suitable only for the most inexact of timing circuits. The 
choice remains between polystyrene film, COG/NPO, and 
polycarbonate, of which the latter type is probably the 
most generally useful. Polyester capacitors can sometimes 
be used when low precision and stability is acceptable. 


The 555 timer ic 

The design of timing circuits was revolutionised with the 
introduction of the 555 timer ic. Since this versatile ic first 
came on the scene in 1972, it has been put to innumerable 
applications, many of them only vaguely related to timing. It 
is possibly one of the most useful ics ever produced. It 
works on the basis of charging and discharging a capacitor 
through a resistor, and there are two basic circuits. Figure 
3 shows the simplest of these, in which the ic is connected 
as a monostable multivibrator, a circuit which produces a 
single output pulse of specified length when it is triggered. 

One of the difficulties in designing reliable timing circuits 
is detecting when the capacitor has charged exactly to a 
given level. As figure 2 shows, the rate of increase of 
voltage across the capacitor is very slow after 2 time 
constants, with more scope for error. It is important to 
restrict the timer to the earlier stages of the charging curve 
to get a sufficiently precise switching point. The timing 
period in the 555 (and the 7555 and other more recent 
CMOS-based timer ics) begins with the capacitor 
discharged and ends when it is charged to 2/3 the supply 
voltage. 

Treating the ic as a black box, we need only be 
concerned with what connections need to be made to it. 
Pins 8 and 1 are connected, respectively, to the positive 
and ground supply lines. The positive supply may have any 
value between 4.5V and 15V for the original BUT-based 555 
timer, or from 2V to 18V for the CMOS-based 7555 
version. 

Figure 4 shows the input and output voltage levels 
during one cycle of operation. This starts when a negative 
pulse is applied to the trigger pin (pin 2, upper curve). 
Normally this is held at supply voltage (9V in this example) 
and is brought down to below 1/3 of the supply for an 
instant. Pin 6, the threshold input, monitors the voltage 
across the capacitor. This is plotted as the middle curve in 
figure 4, revealing the exponential rise of charge across 
the capacitor. The output comes from pin 3 (lower Curve). 
It is normally low but rises almost instantly to the supply 
voltage when the timer is triggered. When the capacitor 
charge reaches 2/3 of the supply (6V.in this example) pin 
7 rapidly discharges the capacitor to ground. At the same 
time output at pin 3 falls almost instantly to zero. The time 
taken for one cycle is: 
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Figure 5: cascaded monostables 


where time is in seconds, R is in ohms and C is in farads. 
The higher the supply voltage the greater the current 
through the resistor, but the higher the shut-off voltage 
that is to be reached. These two requirements cancel out 
so the timing period is completely independent of supply 
voltage, a important feature in battery-powered circuits. 

The output can sink or source 200mA in the 555 or 
100mA in the 7555, so this ic has effective driving ability. 
In general, it is preferable to use the 7555 version because 
it requires much less operating current (120uA at 18V) 
than the 555 (10mA at 15V). Because of its higher current 
requirement, the 555 is much more likely to cause 
transient spikes of the supply line when it changes state. It 
is usual to decouple it by wiring a 10uF capacitor across 
its supply terminals. The 7555 does not need this. 

Pin 5 connects to one of the comparators inside the ic. 
A voltage applied here modifies timing but this pin is 
seldom used. In the 555 is should be connected to ground 
by a 100nF capacitor. In the 7555 is may be left 
unconnected. The ic also has a reset pin (4) which is 
normally held high. {f a low pulse is applied to this while 
the circuit is triggered, it over-rides the timing and brings 
the output low instantly. Further triggering at pin 3 while 
the output is high has no effect on timing. 

Monostables are often used in logic and other circuits 
to produce pulses of predefined length (usually in the 
microsecond or millisecond range) for co-ordinating the 
timing in different parts of the circuit. 


Cascaded monostables 

Multistage process-timing can be obtained by cascading 
several 555 monostables. All that is needed is a capacitor 
connecting the output of one stage to the trigger input of 
the next {figure 5). As the output of one monostable goes 
low the low-going edge produces a downward pulse in the 
trigger input of the next stage. 
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Figure 6: 4047 monostabie 
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Figure 7: 4528 monostable 


4047 monostable 

Although the 555 is the standard work-horse for simple 
iming circuits, there are a few other ics that perform a 
similar function and have some special features that are 
useful in certain applications. A popular example is the 
CMOS 4047 ic (figure 6) It has two features that the 555 
acks, One is that it is triggerable by either a positive pulse 
or a negative pulse. The figure shows the connections for 
a positive pulse applied to pin 8. To use a negative trigger 
instead, wire pin 8 directly to the positive supply and apply 
the pulse to pin 6. The second special feature is that the ic 
has two complementary outputs, delivering a positive 
output pulse from pin 10 and a negative pulse from pin 11. 
This ic operates over the range of supply voltage usual for 
CMOS, 3-15V. The timed period is 2.48RC. 


4528 monostable 
The 4528 ic (which has replaced the 4098) contains two 
identical monastables. In figure 7 the pin numbers in 
brackets are for the second of these. The timed period is 
1 time constant, t = RC. The Clear input (pin 3/138), 
normally held high, resets the timer when pulsed low, and 
timing can not begin until the Clear input is 
made high again. The ic has positive-edge 
and negaive-edge triggering. Use pin 5 
(11) for negative-edge triggering and wire 
pin 4 (12) to OV. Other special features of 
this monostable are complementary 
outputs and the fact that the monostable 
is retriggerable. That is to say. if it is 
triggered again after the first triggering, the 
ON period is timed from the most recent 
triggering. One feature, that could be a 
disadvantage under some circumstances, 
is that the capacitor is discharged at the 
beginning of the cycle, before charging 
starts. This means that there is a delay of 
perhaps several milliseconds (depending 
on capacitor size} before timing begins. If 
there is a choice of capacitor and resistor 
values, it is preferable to use as large a 
resistor as possible (it can take resistors 
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Figure 8: an astable circuit based on a 7555 timer 


from 10 kilohms to 10 megohms) so that the capacitor, 
and hence the start-up delay is as small as possible. 


555 astable 

By connecting the trigger input of the 555 to its output, 
we make the ic trigger itself at the end of every pulse. This 
makes it produce a continuous series of pulses instead of 
only one pulse. There are two timing resistors in the 
astable circuit (figure 8). The charging current flows 
through R, and Rg in series, charging the capacitor from 
1/3 of V, to 2/3 of V,. The length of the high output is 
given by tH = 0.69(Ra + Ra)C. At the end of the high 
period, the capacitor is discharged through RB only, and 
output is low. This is not instantaneous discharge as in 
the monostable and the period of discharge is tL = 
0.69R_gC. Combining these two equations we obtain an 
equation for the frequency of the astable: 


f = 1.44/(Ra + 2Rp)C 


The equations show that the ON time is necessarily longer 
than the OFF time. In other words, the mark-space ratio is 
greater than 1. There are ways to produce a ratio less than 
1, which we shall discuss in the next part of this series. 


A practical astable 


This module generates a square-wave signal of a fixed 
frequency, and mark-space ratio depending on the choice 
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_ Figure 9: stripboard layout for the astable module. See A practical astable in 
; ‘the text for component values 
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equation requires that Ra + 2R_ = 
2.1MR (just over). For a capacitor of this 
size the best choice is polycarbonate 
(figure 9). To bring the mark-space 
ratio close to 1, Ra should be small, say 
1k. This leaves Re at about 1.06M, The 
precision of the capacitor is +/-5 
percent, so RB may need to range 
between 1.01M and 1.111M. Use a 1M 
fixed resistor (metai film) and 100k 
preset. 

This does not quite cover the 
required range but it uses easily 
obtainable standard types and, if you 
find you can not adjust the timing, try a 
different 1M resistor. We used a 6-turns 
preset to allow the timing to be set 
more easily. 

The stripboard layout for the astable module If the astable is intended to drive an 
LED, a series resistor is required, Given 
of resistor and capacitor values. For the example, we have that the supply voltage is 9V, and the LED is to take about 


picked a frequency of about 1Hz, so that it can be used 10mA, the required value is (9-2)/0.01 = 700R. A standard 
for flashing an LED, or a low-voltage filament lamp, or for 680 resistor is suitable. The astable can directly drive a OV 
pulsing a solid-state buzzer. As an LED flasher, it is an filament lamp, a solid-state buzzer, or a relay rated to 
accurate timer for counting seconds, or it can serve as a operate on 9V. If lamps or relays of other operating 
thief-contuser if disguised as an element in a simulated voltages are to be driven, the circuit can be powered by 
home or car security device. It could also drive a relay any voltage in the range 2V to 18V. 

which could then be used to switch other electrical This module is simple to construct and is the basis for 

devices on and off at regular intervals. other more elaborate circuits that will be described along 

To obtain a frequency around 1Hz we expect to use a with other astable devices in subsequent parts of this 

capacitor of about 680nF. Given this capacitor, the series. 
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Thomas Edison’s 


1885 Train 
Telegraph System 


Long before radio communication with moving trains was attempted, Edison made 
a system in the USA which appears to have coupled telegraph (Morse code) signals 
to moving trains by means of capacitance. George Pickworth investigates. 


homas Edison's 1885 train telegraph provided the 
world's first commercial two-way telegraphy service 
to passengers on moving trains; they were able to 
receive or send messages to virtually anywhere in 
the world connected by a telegraph line or cable. 

Although Edison's train telegraph was patented in England 
on June 22nd 1885 in the joint names of T A Edison and R T 
Gillland, and evolved from systems developed in this country, | 
have no record of it being employed here; indeed, it seems 
that its use was confined to the USA presumably because 
distances and journey times there were much longer than in 
the UK. 

Edison's system was first tried on Staten Island Railway in 
1886 and after proving successful was installed on the 
Chicago, Milwaukee and St. Paul line, a length in the order of 
425 km. In 1887 it was installed on the Lehigh Valley Railroad 
which was linked to Jersey City via Easton. 

In 1887 about 230 members of the American Electric Club 
were invited by the Consolidated Railway Telegraph Company 
to witness the working of Edison's train telegraph on the Jersey 
City to Easton section. The Lehigh River valley lay some 
distance west of Easton. 

According to contemporary writer J J Fahie, about 400 
messages were sent from and received on the train without 
difficulty during the 200km journey even though the train was 
often moving at 8Okm/h. A long message was also sent to a 
correspondent in London. The train telegraph service gained 
much publicity during the winter of 1887 when a severe 
snowstorm stranded trains in Lehigh Valley. Fortunately, the 
guards were able to report the exact position of snowed-up 
trains, expediting the rescue parties. Moreover, stranded 


TRANSMISSION LINE 


METAL STRIP 


_——————————— ere 


passengers were able to keep in touch with the outside world, 
which must have been a considerable comfort to them under 
the circumstances. 

But remarkably, shortly after the Lehigh Valley snowstorm, 
the train telegraphy rapidly fell into disuse. This was simply 
because nobody wanted to use the service. Business travelers 
in particular did not want messages from their office disturbing 
their card games, which seem to have been the great 
attraction of rail travel in those days! It took almost a century 
for communication with passengers moving trains to come into 
common use and this was thanks - or no thanks, if you are not 
an enthusiast - to mobile phones. And some people are 
petitioning to ban or restrict the use of mobile phones on 
passenger trains today! 


Evolution 
Edison’s train 
experimental 
semaphore s 
to the train d 


telegraph evolved from earlier British 

systems intended to complement trackside 
ignals by providing a direct electric telegraph link 
river. The earliest system is attributed to WF 
Cooke, who in 1844 installed his system on the Great Eastern 
Railway linking Norwich and Yarmouth. 

Cooke’s system employed an overhead cable and a sliding 
contact attached to the roof of the rail cars. The rail track 
completed the circuit. Unfortunately, the sliding contacts were 
not only mechanically troublesome but generated so much 
electrical noise that they swamped the signals. 
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Figure 1; the location of the metal strips and the transmission line 


Figure 2: coupling office telegraph equipment to the transmission line 
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In 1885, A C Brown of the Eastern Telegraph Company 
replaced the sliding contacts with an electromagnetic induction 
link employing a track side transmission wire and cumbersome 
pick-up coil wrapped around the engine. As far as actual 
signaling was concerned, Brown’s system seems to have been 
successful, but the coil presented insuperable practical 
problems and the system was abandoned. Remarkably, since 
then British train drivers have relied almost entirely on trackside 
semaphore signals and coloured lights. 

Brown's system would probably have had a better chance 
of success had the coil been wrapped around one of the 
coaches, but presumably this approach was rejected because 
of problems with linking the coil to the telegraph equipment 
installed in the cab of the engine. 


Passenger service 

Unlike Brown's system, Edison's system was designed to 
extend the landline telegraph service to rail passengers, so it 
was logical to install signaling equipment in the rail cars. 
Edison's system employed metal strips attached lengthwise to 
the wooden rail cars just below the roof line. However, instead 
of the single wire of Brown's system, Edison employed a stack 
of four horizontal wires attached to sturdy posts running 
alongside the track, and arranged to be directly opposite the 
metal strips (see figure 1). In this study, the stack of wires is 
referred to as the transmission line. When the train was mobile 
the distance between the metal strips and the transmission line 
varied between 2.0 to 8.0m. 

The metal strips were attached to both sides of the rail car 
and brought into use as required; this avoided having to rotate 
the car if the strips happened to be on the “wrong side” of the 
car. it also proved advantageous to fit metal strips to a number 
of rail cars and connect them together. 

At telegraph offices, the equipment was connected directly 
to the transmission lines via four separate capacitors, that Is, 
one for each of the four wires making up the transmission line 
(see figure 2). 

The senders on both trains and at telegraph offices 
employed induction cail/interrupters to generate high voltage 
pulses with a repetition rate of about 200Hz; these produced 
an audible noise in the telephone earpiece which was used as 
a receiver. Communication between trains and telegraph 
offices was by producing long and short bursts of pulses to 
represent Morse code characters. 
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Figure 3: a schematic of a capacitor coupled circuit. The current 
reverses as the capacitor alternately charge and discharges 


Induction coils 

The induction coil, which generated the electrical pulses, was 
fundamental to Edison’s train telegraph. So, to help readers 
who may be unfamiliar with induction coils and interrupters, 
gain a better understanding of the train telegraph system we 


will now take a closer look at these devices. 

A high voltage pulse with a very fast rise time develops 
across the secondary winding each time current through the 
primary winding is suddenly interrupted and although there is 
generally a weak oscillation, the rising edge of the pulse is 
probably of most importance in transferring signal to the 
receiver on the train. Peak potential is determined by the turns 
ratio of the primary/secondary windings and the abruptness by 
which the primary current is interrupted. 
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Figure 4: a schematic of send/receive equipment on a train, 
based on contemporary diagrams 


If interruption was instantaneous (which is impossible with 
ordinary mechanical interrupters) and with no load across the 
secondary winding, the peak potential of the pulses would 
theoretically rise to infinity. (The load in use is probably best 
described as a mismatched transmission line, long enough to 
have significant loss, and therefore attenuate reflections.) 

Indeed, even with ordinary contact breakers, and more 
especially with electronic interrupters, spark type induction 
coils should not be operated without a load otherwise the coil’s 
insulation may break down. 


Load 

The load can be resistive or capacitive; let us now look at the 
effect of a capacitive load. If a high voltage capacitor is 
connected across the coil's secondary winding, each pulse 
charges the capacitor to a certain value in Joules. The actual 
value of the charge is determined by the amplitude and 
duration of the pulse. However, after each pulse, the capacitor 
discharges back through the coil. 

Provided that the capacitor has a significant value, the 
potential across the capacitor is much lower than the open 
circuit potential across the coil’s secondary winding. Indeed, 
the potential across the capacitor varies in inverse ratio to its 
value, but the amount of stored energy remains the same. 

However, because of the short duration of the pulse, 
typically 1.Omsec, the amount of energy that can be stored in 
the capacitor during each pulse is limited. 
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Capacity coupled? 

At first sight it would seem that coupling between the metal 
strips on the rail cars and the transmission line was by 
capacitance, that is, the metal strips formed one plate of a 
capacitor and the transmission line the other plate (see figure 
3). Indeed, as we have seen this was the case at telegraph 
offices. 

However, the low capacitance value presented by the metal 
strips and transmission line makes capacitive coupling 
questionable. lt appears to be too low for sufficient current to 
flow in the circuit to produce an audible sound in the earpiece. 
However, only a small transfer of energy to the receiver is 
needed to give an audible response, and although the 
capacitance ts low, the voltage in use was probably very high. 
With sufficiently high voltage, a low value of capacitance will 
still suffice to transfer a useful amount of energy. 

Nonetheless, because neither train nor office telegraph 
equipment had metallic contact with the transmission line, this 
could also be used for DC land-line telegraphy even when to 
train telegraph was in use. Indeed it was generally possible to 
modify existing DC telegraph lines thus dramatically reducing 
the cost of installation. 

| have no information about the range of the senders, but 
obviously the pulses only had to travel to the nearest telegraph 
office from where signals would be relayed along a land line. 


Operation 

When sending messages from a train, one terminal of the 
induction coil’s secondary winding was connected via the 
send/receive switch to the metal strips whilst the other 
connected with the rail car's chassis and ultimately via its 
wheels to the rail track, as shown in figure 4. The effect was 
that pulses were induced on the transmission line. At a distant 
telegraph office, current pulses flowed from the transmission 
line via the Coupling capacitors, through telephone earpiece 
and to the rail track. By the same token, when a telegraph 
office was sending messages, current pulses flowed from the 
transmission line to the metal strips on the rail car, then via the 
earpiece to the rail track. 

The pulses could also be made to activate a Morse register. 
However, the commonly used siphon type Morse inkers could 
nol tolerate the vibration of the train, so Edison developed his 
own register, this was essentially a stylus attached to an 
earpiece type of diaphragm. Pulses caused the stylus to 
ascillate laterally along a rotating metal cylinder covered with 
chalk cust thereby causing the trace to indicate Morse signals. 
Shades of Edison’s phonograph! 


DC Telegraph line 
Diagrams show the land line telegraph system using wires 
cunning alongside the railway to be DC single wire system with 
earth return (see figure 5), The wires extended the whole length 
of each specific rai} track, for example the St. Pauls to Millwauke 
section, and were earthed only at the ends. ; 

Relays, which activated Morse sounders or registers, were 
inserted in series with the line at intermediate telegraph offices. 
The line was constantly energised by cells inserted in series at 
various points along its length, typically at telegraph offices. The 
Morse keys were connected so that the contacts were normally 
closed. 

So, with no keys pressed, a steady current flowed along the 


ywire, holding all the relays with their contacts in the open position. 


But aS Soon as an operator pressed a key, current‘along the wire 
was interrupted and relays at all offices on that particular line 


changed to the closed position, energising the Morse sounder. i 
So, somewhat paradoxically, signaling was by breaking contact i 
instead of making contact. i 
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Figure 5: a schematic of a DC railway telegraph station. The three 
unused wires could be used for other land line telegraph services 


The remaining three wires, which collectively made up the 
transmission line for train telegraph signals, were presumably 
used for communication with different telegraph offices. 


Bypass capacitors 

While the relay coils presented a relatively low resistance to DC 
signals, they presented an almost infinite impedance to the 
train telegraph pulses riding on the DC along the line. So, a 
pathway for the pulses was provided by connecting capacitors 
across the relay’s terminals. 

However, as | have already mentioned, | can see no reason 
why train signal pulses should need to extend past the first 
telegraph office where | would have assumed that signals 
would have been read and relayed along the DC land line 
(figure 6), One might think that using the inductance of the 
relays to confine communication pulses to one section would 
enhance the utility of the systern. However, a relay normally 
uses a magnetic core which is not optimised for low loss at 
high frequencies. |t is likely that, at the frequencies in use, a 
relay would have acted more like a resistive load than an 
inductor. This may be the reason why the relay coils were 
decoupled with capacitors, so that no high frequency energy 
would pass through the relays themselves. 
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Figure 6: a schematic diagram showing trains and telegraph offices 


Capacitance coupling 

It is almost certain that Edison's system was a capacitance- 
coupled; though this cannot be proved without experiment or 
extensive mathematics. This can be simulated by inserting a 
telephone earpiece is in series with an induction coil and 
capacitor (see figure 3 above). Charging pulses cause a "click" 
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to be heard in the earpiece, and then a second “click" is heard 
as the capacitor discharges through the induction coil. Pulses 
in rapid succession produce a continuous noise in the 
earpiece. 

Edison employed a rotary interrupter which was essentially 
a brush pressing against a wheel with lateral slots filled with 
insulating material. The wheel was driven by a small electric 
motor thereby interrupting the current about 200 times/sec. 
With this arrangement the breaks were far from being “clean”. 

The magnitude of the sound produced by the earpiece is 
directly proportional to charging current; this is determined by 
the potential of the pulse, impedance of the earpiece and the 
value of the capacitor in Farads. 

Obviously, there has to be a minimum product of voltage 
and capacitance if enough energy is to be coupled to result in 
an audible response in the earphone. 


Nonetheless, bearing in mind the short duration of the 
charging pulse it is still hard to understand, intuitively, how 
sufficient current would flow through the circuit to give an 
audible sound in the earpiece. So, let us look for a passible 
alternative operating system. 


Electric and magnetic fields 

A conductor carrying alternating current or pulsed DC 
generates changing electric and magnetic fields which extend 
into the environment. The electric field extends radially while 
the magnetic field is circular (figure 8). 

The magnetic field causes voltages in parallel! conductors, 
and, if the illustrations of the connection scheme are not 
accurate, and the earphone was connected in series with a 
long line of strips, then coupling could have been magnetic in 
nature. However, this is highly speculative. 
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Figure 7: Edison’s demonstration to promote his train telegraph 
system, At first sight, the two elements would seem to be 
coupled by capacitance as in figure 3 


Demonstration 

During a publicity demonstration with a mock-up simulating a 
metal strip along a single rail car together with a similar length 
of transmission line, Edison boasted that he could make 
electricity “jump” over a distance of 10m separating the two 
elements (figure 7). 

However, while the four stacked wires of the transmission 
line had the same overall width as the metal strips, their 
effective surface area was very small, so the actual 
capacitance must have been very low even though Edison 
connected the strips of a number of rail cars in series giving a 
total length possibly in the order of 100m. 
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Figure 9: a speculation: pulses propagating along a line of 
apparently infinite length. The travelling pulses would induce 
current in the metal strips. 
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Figure 8: possible coupling between transmission line and metal 
strips by magnetic fields 


Travelling pulses? 

it may also be significant that by fitting bypass capacitors 
across the DC telegraph relays, the effective length of the 
transmission line, in as far as pulses were concerned, 
extended to hundreds of kilometers, for example, the length of 
the Milwaukee to St. Paul railway section. 

Moreover, the long effective length of the transmission line 
and the fact that the fairly high resistance of the galvanised iron 
wire used for the conductors would have dissipated energy, 
may well have caused senders to see the transmission line as 
having infinite length. Train telegraph pulses could therefore 
have propagated along the transmission line and thereby 
induced currents on the metal strips as they passed by 
(figure 9) 


The problem is to apply the traveling pulses concept to 
Edison's demonstration (see figure 7 above) where the 
transmission line seems to be open ended and of relatively 
short length! 

This idea is quite speculative and | have not been able to 
test it, but I think it is a good idea to keep the door open on 
the unexplained. So far, S0Hz pollution has frustrated attempts 
to conduct experiments with my reproduction of Edison's 
demonstration. Nonetheless, | hope to repeat these 
experiments in the future in a place where electromagnetic 
pollution is minimal. | know of just such a place - in far away 
New Zealand! 


Reference: JJ Fahie A History of Wireless Telegraphy 1901 
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Review: Educational Software 


Electronics 
Principles 5.0 


A new version of the popular screen-by-screen interactive educational software 
has recently been released, and now includes a PIC menu, as well as maths. 
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As there is a negligible current flow into the op-amp (high impedance) there will 
be no voltage develuped across Rop. Note (+) input held at ground potential. 
7ruovalts drop across ‘Rap’ means the (-input) must also be at ground or 
virtual earth, Therefore, any small input current can only flow through the 
teedback resistor towards the low impedance output end. 


Figure 1: Op-Amp Theory: Virtual Earth box (Op-Amp menu) with 
Theory Notes and Calculations boxes open. The boxes can be 
moved round the screen without disturbing other parts of the 
display. Theses boxes cannot be open at the same time as the 
Parameter dialogue boxes, or vice versa 


Electronics Principles has been becoming more popular in 
its 3.0 and 4.0 versions over the last couple of years. Now 
EPT Educational Software have released Electronics 
Principles 5.0 at more or less the same price as its 
predecessor Electronics Principles 4.0, that is, £99.95 plus 
tax and postage (see the end of this review). 

The most obvious (and interesting) new addition is a 
section on PiC microcontrollers, featuring microcontroller 
principles and instruction set simulation based on the PIC 
16C84. EPT say that Microchip, makers of the PICs, will 
be including Electronics Principles on their recommended 
list of PIC support material, which is good news for 
users. 

As well as the PIC section, there are now Mathmatics 
principles, and a section on microprocessor hardware, 
instruction set and addressing modes. 


Finding your way around 

Electronics Principles is based on a series of pull-down 
screens which illustrate the operation of different types of 
components in-circuit. There are also starter screen on 
some of the basic physics background, and an extensive 
menu of maths basics. It is very straightforward to look 
things up: the more basic topics are at the left of the menu 
bar, working up to more complex topics on the right. There 
is also a complete menu screen which appears when you 
open the software, This acts as a master index for all the 
menu headings, and the screens that can be opened under 
them - something | felt the lack of in the version of EP 3.0 
a year ago. Unfortunately, although it lists all the sub-menu 
headings and screens, it still does not list the pull-down 
menu headings. There is no Search facility, so you must 
continue to rely to some extent on memory and instinct to 
guide you to a particular screen. 

The index also acts as a quick-opener menu, with a 
single click of the mouse button. The catch is that if you 
want to move down the menu using the mouse, you 
quickly find that you have opened the nearest screen 
instead. Double-clicking would have been useful here. You 
can however move very quickly up and down the menu 
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Figure 2: the Op-Amp Theory: Virtual Earth box with a Parameters 
dialogue box open. The “Formatted Value” box ensures that the 
figure you enter is converted into the right units for the box. It can 
indicate if you enter an unacceptable figure - but not necessarily 
explain it 
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using the sliding bar - although you may not be able to 
access this if you already have a screen open. In switching 
back to the master index, you must click the cursor either 
on the top bar of the index screen or on part of the frame. 
lf you try clicking inside the index screen (as you can with 
most Windows software), instead of finding that you have 
brought the index to the front, presto! you may find that 
you have opened yet another topic screen, whether you 
wanted to or not. However, only three topic screens can be 
opened at once from the master index (after this, you can 
move up and down without “triggering” extra screens, 
although each click will put you back into the last screen in 
use). 

Further screens can be opened from the pull-down 
menu bar, and they cascade neatly, so that you can see at 
a glance what is open. When the cascading has filled the 
whole display, any new screens that are opened will start 
again from the top, forming a new layer. It is unlikely that 
anyone would want to do this, as the lower layer quickly 
becomes inaccessible under the new one. But by now 
there are more than enough different screens open at for 
people who like to jump from screen to screen. The new 
V5.0 contains 560 screens under more than 100 screen 
headings, so you will not be short of choice. 


For movement within menus, each screen under a given 
sub-menu has its own pull-down menu incorporated. This 
will move you to any other screen under that sub-menu - 
replacing the screen you are already in quickly and neatly. 
That is useful, as you can flip topics quickly without filling 
up the monitor screen. 


Some of the screens, particularly the early ones, are simple 
drawings of physical principles, accompanied by notes. 
Most of the screens, however, are interactive and will 
display the results of changing component values and other 
‘paramenters’ in simple circuits. The user enters the new 
values into the Parameters dialogue boxes, and the values 
displayed on the circuit diagram and any equations on 
show will be updated accordingly. Many of the screens 
have separate Calculations boxes where different or more 
extensive equations are shown. These can be called up 
separately; in fact, they must be, as Electronics Principles 
is arranged so that Calculations and Topic Notes boxes do 
not remain open while the Parameters dialogue boxes are 


in use (figures 1 and 2). 

Take, for instance, the “DC CURRENT: Kirchhoff's 
Current Law” screen (figure 3) under the DC menu. The 
voltage, and the values of six different resistors, can all be 
altered, and the changed values are displayed both on the 
circuit diagram and on a table of values alongside, with 
totals. The cumulative Current (I) values at each node are 
displayed in the Calculations box (which you must open 
separately, and does not remain open as the changes take 
place). | believe the voltage (V) value is also intended to be 
interactive (there is a dialogue box) but it firmly refuses to 
accept an altered value on my software. 

The menu at the bottom right of the screen enables the 
user to move quickly between the Current Divider, Further 
Current Divider, Kirchhoff's Current Law and Further 
Current Law screens. 

In the POWER SUPPLY: Half Wave Rectifier screen 
entering an inappropriate value in any of the Parameters 
boxes raises the message “Result error - The calculated 
ripple voltage is greater than the available voltage across 
the load. Increase the value of C1." In Electronics Principles 
0.3 the user was often left to work out why the program 
was not responding after entering an unsuitable component 
value, so this is an improvement. If you are unsure where 
your error is, you can reset the screen back to the original 
set of values, by closing the screen and re-opening it. On 
this screen, the ripple voltage diagram changes, as well as 
the component values, giving a graphic illustration of the 
waveform. 

| would have liked to see the power supply section take 
into account the effects of the transformer and leakage 
reactance. The simplified approach is probably suitable for 
schools but not so helpful for further education. Similarly, 
no input resistance is included in the full wave rectifier 
situation. The half wave power supply example 
corresponds with the system sometimes used to power 
small mains powered devices which need little current, are 
completely insulated from the user, and must be low cost. | 
could not get the values that | would expect to use in this 
kind of design to line up with the results given by the 
screen calculations. It is important to note that theoretical 
examples, while they are useful for demonstrating how the 
equations work, are not necessarily an indication of how a 
specific class of circuit will behave. 

Throughout the program, it is necessary to work through 
the screens sequentially, and make your own notes. There 
is no help in deciding what values are appropriate and what 
are not - you must build up awareness of the necessary 
calculations from earlier in the course. 


Under the Micro menu, the Topic Notes for each screen 
explain briefly what the current instruction does, and the 
screen will run a simulation of the processes inside a 
microprocessor when values are entered and the correct 
keys operated. Explanation of the practical functions of the 
instructions are left to the course teacher. 

The screen INSTRUCTION SET 1: ORA Inclusive OR 
with Accumulator, under the Micro menu (figure 4), is one 
of the screens illustrating variations on the operation code 
working on different registers. You can select which 
variation to show, then enter the RAM contents and the 
address to use. When it is all set up, operate the ORA 
button to simulate the command. The Topic Notes follow 
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on sequentially from the first screen under Instruction Set 
1: LDA (Load the Accumulator) through the subsequent 
screens, so that gradually a picture of the data movements 
is built up. 

New to Electronics Princples are the Maths section and 
the section on PICs. The PIC section, courtesy of 
Microchip Technology, extends step by step over five 
menus and 60 screens, mainly covering the 16C84, and is 
a clear indication of the importance of microprocessors in 
even basic electronics today. 

The PIC screens make free use of another of the 
program's features, extra information boxes that open 
when you click on the part of the screen concerned. In the 
screen PIC16C71 ANALOGUE TO DIGITAL: A/D 
Conversion Block Diagram (figure 5), clicking on the 
ADRES Register box, or any of the ADCON Register boxes, 
and various other screen locations, opens a text box 
explaining that specific location. This is flagged on this 
screen by the legend “Click box/register top left for 
details”, but it is worth clicking around the screen, as there 
is more extra information than you might guess. Indeed, it’s 
quite easy to get spoiled by this feature and click around 
hoping for even more. You never know what you might find. 

It is not difficult to feel under-informed in places. To give 
avery small example, in the second screen under PIC 
16C84 HARDWARE, Program Memory Map and Stack, the 
term PC is introduced, but it is left to screen number six for 
the Topic Notes to explain that this refers to the Program 
Counter. Users with some familiarity with the subject may 
have already deduced this from its inclusion in the mass of 
material illustrated in screen one (the PIC16C84 block 
diagram) but as the notes are brief, much sifting of this 
kind has to be done as the student goes along. On the one 
hand, it certain makes the student think things through, On 
the other hand, it may act as a barrier for students whose 
personal memory stacks overflow easily, 

The Maths section has been brought into Electronics 
Principles from EPT’s original package Mathematics 
Principles, which was marketed as a separate program at 
around £50. The Topics run from Simple Numbers: Adding 
Positive Values up to Complex Numbers: Rectangular 
Subtraction. 
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Figure 5: the PIC16C71 Analogue to Digital: A/D Conversion Block 
Diagram box, with a click box relating to ADCSO open 
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Figure 4: the INSTRUCTION SET 1: ORA Inclusive OR with 
Accumulator screen, under the Micro menu 


Make your own notes 

Even without a course teacher, armed with a notebook and 
pencil to jot down the results of your experiments and 
anything you want to refer to later, and a lot of 
concentration (many of the screens are packed with detail 
and change only small details), you can absorb a good deal 
from Electronics Principles. tt would be even easier to use if 
value changes could be keyed directly into the table of 
values on each screen, instead of via individual, separately- 
opened dialogue boxes. The removal of the Topic Notes 
boxes when the interactive screens are in use can be 
vexing, but it is possible to print the contents of any box to 
a wordprocessor by using the Print button on each screen. 
Window users note: the Print button copies the contents of 
the last box opened (including Topic Notes and 
Calculations boxes) to the Clipboard (or off-screen storage 
area, for those new to computing jargon), from where the 
Ctrl-V or Shift-Insert command will insert it into any 
document that is open when you use the command. In this 
way, you can build up your own notebook, which you can 
then edit and add to. 

This aspect of the program is recommended to course 
teachers, with the reminder that use for classes requires 
the Multi-User Site Licence, costing £470 (inclusive of VAT). 
This is good value for a licence that allows a unlimited 
number of users on one site, for a program which for the 
single user costs £119.97 {inclusive of VAT and carriage) in 
the UK and other EU countries, and £103.45 (inclusive of 
carriage) outside the EU. (Prices as at April 1998.) 


Backup 
Teaching yourself through software is a lonely business if 
there is no-one to turn to for extra explanation or help. EPT 
recommend accompanying the course with a basic 
electronics book, and can supply A Complete Electronics 
Course by Alan Winstanley and Keith Dye for £3.95 (add 
£1.50 for UK postage}. Teachers will find Electronics 
Principles useful for demonstrating circuit principles and 
allowing students to run through calculations. The 
publishers, EPT Educational Software, are always interested 
to hear from users with comments and suggestions, and will 
also help with technical queries about the program. 
Contact: EPT Educational Software, Pump House, 
Lockram Lane, Witham, Essex UK CM8 2BuJ. Tel/fax 01376 
514008 email sales@eptsoft.demon.co.uk Web 
www.eptsoft.demon.co.uk. 
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A UHF MODEL RADIO 


CONTROL SYSTEM 


Geof Pike GIOGDP describes how to build and test the UHF Radio Control 
transmitter and receiver. 


In the previous issue, | described the design and 

workings of the four transmitter and receiver 

boards for the UHF radio control system, 

complete with parts list and component layouts. 

This month | will complete the construction and 
antenna information. 


Transmitter construction 

From the ocb layouts it can be seen that the encoder is a 
single-sided glass fibre board, and the transmitter by virtue of 
the uhf circuitry needs to be double sided, with the top foil 
forming a continuous ground plane. 

Both boards were originally made with a Dalo pen and ic 
pad transfers, and worked using this method. Areas marked 
with a large dot on the transmitter component layout are 
upper ground plane connections. Isolated areas are indicated 
with a dot "." . These areas were cut into the copper with a 
3mm drili just to the depth of the copper - no further! Or it 
will weaken the board. Note that R13 and R14 on the IC3 
side should have their respective leads made into loops for 
the unused channels designated by an x on the circuit 


diagram. All holes on the pcb are 1 mm except for L4 and 
the cage jack sockets for X71 - see the relevant drawings for 
the positions of the Veropins. 


The transmitter case 

The case can be made either from a sheet of 22g aluminium, 
or from any commercial plastic or aluminium case that is 
150mm x 180mm x SOmm. My set uses an old 27-MHz set 
with the electronics removed. See figure 7 for the location of 
boards in relation to the stick assemblies and battery pack. 
The placing of the RF board depends largely on the case 
being used. In my set, the rf board is fitted between the 
sticks. The helical filter end is connected directly to the BNC 
socket on the case, and the crystal end only requires minimal 
support from a couple of stiff wires soldered onto the ground 
plane side of the Tx board to the encoder board negative rail, 
which runs along its outer edge. Earth straps were soldered 
directly from the top ground plane to the socket mounting 
bolts. A commercially available case and sticks can be 
obtained from Micron Radio Control , tel 0115 972 3893. In 
the case in the parts list, the TX board needs to be mounted 
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fb BNC SOCKET 


at ial 


_ENCODER PCB 


following pre-set before starting: L1: 
3mm into coil former; V1: 30 
percent meshed; VCc2: 90 percent; 
VC3: 35 percent; VC4: 30 percent; 
and vc (if fitted) 50 percent. VC5 
can if desired be removed and 
replaced with a 2.2 pf capacitor, 
and its long lead can form L8. 
Power up without X1 fitted to the 
socket. The current drain should be 
of the order of 30-40 mA. Check for 
equal voltage drop across R35/R36 
and for 7V5 after the voltage 
regulator. Assuming everything is ok, 
you will need a dummy load 
connected to the output, or a very 
short-leaded 47R resistor. A BNC 
ethernet terminator would do the 
job, preferably a 5OR type, but 75R 
is ok. Insert the crystal X1, and the 
current should rise considerably. If it 
does not, adjust L1 until the 
oscillator starts. !f the oscillator 


Figure 7: the relationships between the transmitter joysticks, transmitter 
PCBs and battery compartment in a case. The encoder PCB here sits on 
an aluminium shelf, which also forms the top of the battery compartment. 


The case is left to the constructor to lay out. 


directly under the inside of the case top. This will then lie 
parallel to the encoder board, which sits on a shelf of its own 
about the battery compartment. 

The rear of the board was supported from the encoder 
using 18 g solid wire. The encoder board was fitted to a 
dedicated shelf at the bottom of the case, which also serves 
as a top to the battery compartment, as shown in figure 7. 


Testing 
The encoder board is best linked up and tested separately to 
the rf board. 

Remember to tie all unused channels to point “x” and 
connect the control pots between +7V5 and ground. Power 
up and check that RV1 changes the sync pause length and 
RV2 the neutral settings. Check for about 4V pk-pk at the 
wiper of RV3. Also check that the pulse widths are slowed on 
both the negative and positive 
edges by about 100 
microseconds. There is little to go 
wrong with this board, but 
because of its self-clocking it can 
be a problem to sort out if you 
have a component in the wrong 
place or the wrong way round, so 
check the diodes first for proper 
orientation. 

Finally, check that the control 
swing from the stick pot is 1ms in 
total, that is, +/- 0.5ms. If it is 
not, then adjust R15 accordingly. 


The RF board 
The RF board will need the 


refuses to start, then change C20 to 
15pf. Once running, peak up the 
trimmers VC2-VC5 and observe a 
rise in output power either using a 
uhf power meter or a diode probe. 
See figure 8. Maplin also sell a 
diode probe. 

With everything peaked up, a 
final adjustment using the slugs in the helical filter will be 
needed. You should have about 350 mW, depending the 
battery supply voltage used. The current will have jumped to 
about 180-200 mA. 

Check for current balance in Q8/Q9 by checking again the 
voltage drop across R35/R36. Under no circumstances 
operate the rf board without a 5OR termination, or Q8/9 will 
most likely fail. With a good dfm and R25 temporarily 
connected to the 2V test source provided by R37-39 and 
D13, adjust L1 for the marked crystal frequency. When you 
are finished, reconnect R25 to the encoder board. With this 
done, recheck the final output frequency. It will be slightly 
different from the centre frequency, but close enough to it. 
This will be more accurately set when the receiver is set up 
by measuring the IF frequency. 


USE 1N4148 FOR OA91 FOR HIGH POWER 


Figure 8: an outline circuit diagram for a diode probe 
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ON/OFF SWITCH 


SERVOs 


Figure 9: the interconnections between the receiver RF and IF boards 


The transmitter antenna 

For temporary test purposes a length of 18g wire about 15 
cm long can be used. This is a quarter-wavelength at 459 
MHz. For final use, a 5/8th-wavelength antenna will be used 
(see below), The 15-cm wire can be soldered into a BNC 
plug and connected to the Tx socket. 


Receiver construction 
This is again split into a double sided rf board and a single 
sided IF amplifier and decoder section. Note the positions of 
the Veropins and the connections made direct to the ground 
plane. All holes are 1mm except for the crystal socket X2. 
Note that R10 is fitted under the board, and that R31 is 
under C17. The link from the top rf board carrying the 10.7 
MHz IF to the lower board will need to be short. VC2 is 
mounted over the top of Q5, and R28/C38 are mounted in air 
from the junction of D2/C27 through the hole in the pcb near 
the helical filter. This finally connects with the junction of 
R11/C17 on the IF board. 

R4 is mounted vertically. The longer lead is wound over a 
2mm drill as a former for one and a half turns, and stretched 
out a bit to avoid the turns. 


WIRE SUPPORTS 
~ 


Figure 10: the relationships between the two receiver boards: the RF board is the upper 
one, and the IF amplifier board is the lower 


RF 


The rf board is mounted above the IF pcb using 20g wire 
supports in the pcb corners (figure 9). 


The receiver case 

A commercial plastic box can be used here, but most boxes 
will probably be a little on the large side. This will need a bit 
of ingenuity to make a neat job. 


Testing 
It is probably better to test the complete receiver, that is. with 
both boards connected together (see figure 10). 

Observe that the rf board is fed from +10V, while the if 
amp board is fed from +5V. Essentially, this is a centre 
tapped 9V6 nicad pack. 

Temporarily attach a piece of solid wire about 15 em long 
to Lt where it connects to C2 to act as an antenna. 
Temporarily up end R10. Power up without the crystal fitted, 
and check for 7V& at the output of IC4. 

Next, confirm that R4 drops about 5V across itself, and 
that about 0.4V is dropped across R6. Insert the crystal and 
preset 12 to 8mm into its former, and VC2 15 percent 
meshed, Using a diode probe, confirm that drive is available 
at the junction of R25/R26, As 
before. if the oscillator won't start, 
change C25 to 15pf. With this 
done, contirm the lo signal is at 
the junction of L5/VC2, and 
measure it with a dfm. It should be 
6 x crystal frequency +/- 448.XXX 
MHz. The preset VC1 should be 
45 percent meshed and the helical 
and T1 as supplied. Measure the 
voltage at pin 10 of IC1 and set it 
for about 1.8-1.9V by adjusting T2 
slightly. 

The next step will assume that 
the Tx is working correctly. 
Connect a scope probe to the 
junction of R7/C8, switch on the 
Tx and distance it so that the 
signal is about 50 mV on the 


BOARD 


ANTENNA CO-AX 
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Figure 11: the transmitter antenna 


‘scape screen. Adjust VC1, the helical filter, and T1 for 
maximum signal at this point. T1 does not have a sharp 
peak. Move the scope probe to the junction of R9/C18, and 
confirm that the second lo is working at 11.155 MHz at pin 1 
of IC1 with a dfm. 

Ensure that the encoder waveform is present at the 
junction of R9/C18. This should be about 1V pk-pk, offset 
from ground by about 1.8V. Adjust with T2, but don't position 
it too close to ground or vec. This gives a window over which 
it can drift without compression. 

Setting in the middle will coincide with the maximum 
output from the discriminator. Move the scope probe to pin 
14 of IC3 and observe a squared-up version of the signal. On 
pin 15 the reset pulse should be seen. Adjust the sync pause 
in the Tx for this. 

Connect a dfm to the junction of R7/C8 and position the 
Tx for a stable reading. Connect R25 in the encoder to the 
temporary 2V supply and observe the IF frequency. This 
should be 10.7 MHz +/- 1 KHz. Slightly adjust l2 in the Rx lo 
to achieve this. Switch off and reconnect R25 in the Tx and 
R10 in the Rx. This will establish the afc loop. Finally, switch 
on again and check that the signal at R9/C18 is de 
referenced at about 1.8V above ground. This will ensure 
correct afc tracking. 

This completes the setting up of the Tx and Rx. A final 
check on range will be needed. | tested mine up to half a 
mile. 

Ensure that only nicad batteries are used in both the Tx 
and Rx, Current consumption in the receiver is quite high, 
and only nicads are suitable for this. 


The Tx antenna 
See figure 11. This is made from a piece of brazing rod 
about 408 mm iong and soldered, after filing down, into a 


BNC plug. The whole thing is filled with epoxy resin and the 
cover from an in-line car fuse was slid over the top for 
support. 


The RX antenna 
This is a quarter-wavelength ground plane antenna without 
the ground plane radials. See figure 12. Observe that the 
miniature coax RG174/u must be connected to the receiver in 
multiples of 21.5 cm to ensure correct impedance matching 
after tuning with the temporary whip. A final tweak of VC1 
can be made if desired, but is generally not needed. 

The Rx antenna should be mounted in a prominent 
position in the model, and must be as near vertical as 
possible, 


Crystal specification 
These are third overtones, HC25/u. 

The Tx crystal will exceed the current normal limit for third 
OVT, but Quartslab Marketing Ltd. will make them (see 
below). The Tx final frequency is 6 times the crystal 
frequency. 

The Rx crystal is [Tx freq - 10.7] / 6, so for 459 MHz 
operation the crystals are: 


Tx = 76.5000 MHz 
Rx = 74.7167 MHz 
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Interval Ga 


Using Roy Bebbington’s little portable LED-driven timer, games and quizzes are 
sure to be fast and friendly 


his little circuit allows you to select six different 

time intervals, from a few seconds to half an hour 

or more, to be terminated by an audible alarm. As 

a gentle reminder that time is slipping away, a 

light-emitting diode (LED) glows when half the 
selected time interval has elapsed. 


Fun and games! 

Popular TV word games like "Countdown", “Supermarket 
Sweep”, and so on all depend on interval timers counting away 
the seconds while contestants make their decisions. The radio 


OUTPUT a 
DELAY | 
INDICATOR § 


PADS 


CONNECTION 


game, “Just a Minute” gave the contestant exactly sixty 
seconds in which to tell a story without deviation, repetition or 
hesitation. In all these games, the important principle is that 
contestants are put on the spot for the same duration of time, 
and that is not necessarily a standard interval. Similarly, in most 
board games, some kind of interval counter could help to 
prevent the more dilatory players turning them into “bored” 
games by limiting the length of play during each turn, “Your 
thirty seconds starts now!" 

A simple version of this six-interval games counter can be 
made using just one ic, if non-standard time intervals are 
acceptable; for example, the prototype produced 
intervals of 24 seconds, 48s, 96s, 192s, 384s 
and 768s. For game purposes, this offers a 
useful range of intervals from a few seconds to 
over 12 minutes, and if you are culinarily inclined, 
you could successfully boil an egg in the 192- 
second interval (as long as it is not your turn to 
play). 


Basically speaking 

Probably the easiest way to make an electronic 
interval timer is to charge up a large capacitor via 
a resistor in the input of a transistor switching 
circuit. However, as the tolerance of electrolytic 
capacitors varies widely, a circuit using a binary 
counter has the edge for longer intervals of time, 
as well as the ability to divide. This is illustrated in 
the block diagram of figure 1. A clock circuit, for 


Figure 2: the circuit of the 6-interval games timer 
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interval you want and connect it 
to an output indicator, for 


TO BATT OV example a piezo sounder or a 


© 


half-time 


0.5 
minutes delay 


Figure 4: this front panel layout was used in the prototype 


i 
TO PINIO 
(FIG.2) 


Figure 5: a variable astable circuit to replace D1-R1 (see text) 


example an astable giving a train of pulses, is applied to a 
binary counter. The first divider gives an output after two 
pulses, the second civider gives an output after four pulses, 


the third after eight pulses, and so cn. Simply select the delay 


LED, As shown, a free-running 
astable at a frequency of 1Hz 
produces delays of 1, 2, 4, 8 
seconds, and so on. You may of 
course connect indicators to one 
or more of the outputs, as we 
shall see. 


A practical circuit 
I FLASHING The simple timer in figure 2 is 
al based on the CMOS 4020 14- 
stage binary counter, using just 
six of its divider outputs. The 
clock input in this case is derived 
from a flashing LED, with a flash 
frequency of 2Hz (+/- 1Hz) at 9V. 
This means that the intervals will 
depend on the particular LED 
selected. If you are aiming for 
“Just a minute”, then a 555 timer 
ic in astable mode could replace 
the flashing LED as the clock 
generator, and much longer time 
intervals can be cbtained. 

The clock input on pin 10 is 
triggered by the pulses of DI, 
which is energised via R1 from 
the +9V rail. The counter 
advances on the high to low 
transitions of the clock input and 
has twelve buffered outputs, 
although only seven (outputs 6 to 
12) are used in this application. 

This number was adequate for 
most games applications, and 
could be accommodated on a 2- 
pole six-way switch, which is 
commercially available. The SW1a 
switch contacts are wired to pins 

13, 12, 14, 15, 1 and 2 

respectively (outputs 7 to 12)). 
Nominally, these intervals are 0.5 to 16 minutes. The piezo 
sounder connected to the wiper can select any one of these 
intervals, Note that the switch contacts of SW1b are coupled 
to pins 6, 13, 12, 14, 15 and 1 (outputs 6 to 11). The “half 
time” LED indicator, D2, coupled to the wiper of SW1b, 
therefore selects output 6 when the wiper of SW 1a (the 
sounder) selects output 7. This means that the indicator D2 
glows half-way through each interval, and continues to glow 
until WD1 sounds at the end of it. Switch off SW2 to reset the 
alarm, and switch on to start a fresh interval. 


Variations on a theme 

Besides indicating the half-way stage for a contestant, this idea 
of equally dividing each interval can be further exploited in 
games where two contestants (or teams) perform alternately. If 
preferred, two visual outputs can be used to indicate which 
one is in action. For example, a green LED could be used for 
the contestant (or team) that starts, and a red LED for the “half 
time” contestant (or team). The red LED is, of course, D2. The 
additional LED (green) should be connected in series with a 1- 
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kilohm limiting resistor, between SW1b wiper and 1d pin 16. 
Ensure that the anode pin of the LED is towards the positive 
rail. 

lf alternating coloured LEDs are all that are required as 
output indicators, then disconnect the sounder and let them 
flash in blissful solitude. The timer could be further simplified by 
replacing SW1 by a single-pole 6-way switch. 

if a longer interval is required, move the output connection 
sequence to outputs 7 to 13. Using a flashing LED as clock 
input, this should give an interval of about half-an-hour, 
Obviously, this can be considerably extended, and standard 
times more precisely determined if a 555 timer is used to 
provide clock pulses. A suitable circuit using a 555 in astable 
mode is given in figure 5. This circuit directly replaces the 
resistor R1 and D1, the flashing LED, in figure 2. Capacitor 
C1, charging through resistor R1 and variable resistor RV1, 
enables a wide range of clock speeds, giving intervals from a 
few seconds to several hours. A low value of R1 has been 
chosen to sharpen the negative-going edge triggering the 
counter, 


Construction 
Apart from the ic socket and two resistors mounted on a 
single-sided printed circuit board (PCB), shown in figure 3, the 
other components were mounted on the plastic box (MB2 97 x 
73 x 39.5 mm), and connected by flexible wires, The two 
switch sections need to be very carefully wired to ensure that 
the staggered connections are correctly made - it is easy to 
get a wire out of place. 

A suggested front-panel layout, is indicated in figure 4, but 
this will depend on individual preference and the type and size 
of enclosure available, 


NEWS FROM THE NEXUS 
PHOTOSTAT SERVICE. 


The Nexus Photocopying Service can 

N FE x U S provide you with all those interesting 
features and valuable projects that 

have been published in your favourite 

magazine. The new costs of our photocopying service are as 

follows:- 

First article: £2.75 inc of VAT. Please note that projects 

published over several issues must be ordered as a series of 

individual articles, each for £2.00. 

A £2.75 search fee is required if full information is not supplied. 

Please note delivery could be up to 28 working days. 

Please supply photo-copies of the following articles from 

{Complete in BLOCK CAPITALS} 


. Near... .... Page {if known} 


... Page {if knawn) 
Page {if knawn) 
| enclose a cheque/postal order made out to Nexus Special Interests to the 
value of: 
£ ..... P&P.£1.00 (UK only) 20% Overseas 


Total remittance £ 


.. Post Code: . 


Send the completed form and remittance to: 
Photocopy Service, Nexus Special Interests, Nexus House, Boundary Way, 
Hemel Hempstead, Hertfordshire. HP2 7ST 


Resistors 
All fixed resistors 0.25W 5 percent 
R1, R2 1k 


Capacitors 
Ci 220n 0.2in pitch 


Semiconductors 
1C1 4020 14-stage binary counter 
DI flashing LED (QY96E Maplin) 
D2 red LED 


Miscellaneous 


WD1_ DC piezo buzzer (eg KU56L 
Maplin) 

SW1  2-pole 6-way rotary switch (FF74R 
Maplin) 

SW2_ Miniature slide or toggle switch 


PCB; 16-pin dil socket; PP3 battery and 
connector; plastic box (see text). 
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CHELMER VALVE COMPANY 


If you need Valves/Tubes or RF 
Power Transistors etc. ...then try us! 


We have vast stocks, widespread sources 
and 35 years specialist experience in meeting our 
customers requirements. 


Tuned to the needs of the Radio Amateur 


Chelmer Valve Company. 130 New London Road, 
Chelmsford, Essex CM2 ORG. England 


Tel: 44-01245-35529 


Fax: 44-01245-490064 
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Practically Speaking | 


By Terry Balbirnie 


ver the next few months, we shall look at the 
topic of fuses. The catalogues from major 
component suppliers present the constructor 
with a bewildering array of these. Apart from the 
current rating, there are the physical 
dimensions, operating speed and material from which the 
body is made to be taken into account. 


Note that a fuse is placed in a piece of equipment to 
protect against excessive current which could cause 
overheating of wiring and components and possible 
fire. It does not provide protection against electric 
shock. For this, you need a residual current device 
(RCD) and this will be discussed in a future part of 
Practically Speaking. 


Too hot for comfort 
The traditional type of fuse is simply a piece of wire which 
may be bare (as in older household installations) but is more 
usually enclosed in a glass or ceramic tube with metal ends. 
The fuse is connected in series with the circuit so that the 
current passes through it. If the current exceeds a certain 
value, the wire overheats, melts and breaks the circuit (that 
is, the fuse “blows”). This effectively switches off the supply 
so bringing to a halt (but not curing) the problems above. 

The most important parameter of a fuse is its current 
rating. This is the maximum current which it may carry for a 
long period of time without blowing. Referring to the 
manufacturer’s data, it may be found that a given fuse 
cannot carry the rated current for ever. It may blow after a 
few hours. It may therefore be necessary to use a fuse with 
a slightly higher value than the maximum current which is 
intended to flow through it. Catalogues list small fuses with 
ratings between about 50mA and 10A. The wire in a 10A 
fuse will be relatively thick while that in a 50mA one will be 
almost invisible without the aid of a magnifying glass. In 
every case, the fuse wire must be 
much thinner than any other wire in 
the circuit. 


Current surge 

It sometimes happens that when the 
circuit is switched on, a larger current 
than normal flows for a short time. 
This is likely to happen when 
inductive components such as 
transformers are involved. It also 
occurs in a power supply due to the 
inrush current to a large-value 
smoothing capacitor. Motors also 
pass a large current for a short time 
until they reach full speed. A further 
example is a filament bulb. Here, the 
current-surge is due to the cold 
filament having a much lower 
resistance than at operating 


temperature. There will therefore be a much larger current 
flowing until the filament heats up. With a small bulb, this 
may take such a short time that the fuse wire will not have 
time to reach its melting point before the current fails to the 
normal value. However, with larger bulbs the fuse could 
blow during this perfectly normal surge. 


Slow blow 

These problems may be avoided by using a slow-blow (time 
delay) fuse. This will withstand a high current for a short 
time. Whereas a small quick-blow fuse carrying twice the 
rated current may blow within about 1 second, the 
corresponding time delay type would withstand it for some 
5 seconds, preventing spurious “blowings” on switch-on 
and other normal functions. These figures are subject to 
wide variation and should be taken for illustrative purposes 
only. 

If you look at one of the metal ends of a typical small 
glass fuse, you will see the value marked on it. This is often 
expressed in amps rather than milliamps such as 0.2A 
rather than 200mA. If it is of the time delay type it will be 
prefixed with a letter “T”. So, “T 0.5” means a time-delay 
fuse having a value of 500mA. If you look inside, you will 
see that the time-delay type has a “spring” at the end of the 
fuse wire. There will also be a voltage figure. This is the 
maximum voltage allowed in the circuit in which the fuse is 
used. This might be, for example, 250V. 

If you are replacing a blown fuse with a new one, it is 
first of all necessary to try to find out why it blew in the first 
place. A little investigation will probably come up with the 
cause, It may be due to a short-circuit somewhere in the 
wiring. If the cause cannot be found, the fuse may have 
blown simply due to old age. It should then be replaced 
with one of the same specification and the equipment tried, 
lf the fuse blows again, a more detailed examination will be 
needed to find the cause. 
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verse and sociolo 
Computing fared a bit better, “image-wise” 
(thanks in part to support from the BBC) but 
only recently have schools latched on to the 
way computers are used in offices and 
industry, 

Now technology and craft teachers must 
teach electronics as part of the “craft’ 
syllabus. Fair enough, you might say - but 
here's the catch. Suppose your life's work 
was drafting, or woodwork, or cooking, and 
somebody told you that you must now 
master the equivalent of the Radio 
Amateur's Examination after a two-day 
course? 

Is this an exaggerated comparison? The 
RAE goes into considerably more depth 
than first year craft electronics. Even so, 
somebody with a good working knowledge 
of maths and basic physics should be able 
to pick it up pretty quickly. Two days of solid 
work? A bit tight, maybe. 

Well, you all know how much work you 
invested in learning to put your own projects 
together - anything involving a handful of 
components, a lash-up and some 
calculations, How much do you reckon you 
could achieve after two days of lectures with 
a full roster of coffee- and meal-breaks, 
some course notes - and absolutely no 


ery lucky. A doorbell? 
ith logic? 

you expect to pay 
. £200? £400? 
ently, i is what many 


: expert for an entire 
hnical skills pool of the 


‘Otir mole thinks he has found out. 


Many schools run electronics or radio 
clubs to encourage practical experience. 
Into one of these clubs comes the schoo! 
Inspector in charge of determining that the 
craft syllabus is being properly taught. 

The inspector targets one of the 
students for a closer look. Oddly enough, 
the chosen student is a slight, very quiet 15- 
year-old gir. No doubt such a retiring being 
might appreciate a bit of expert advice. The 
Inspector begins to explain in detail how the 
logic circuit the 15-year-old is working on 
actually works. 

“But that’s all wrong! It doesn't work like 
that at all! It works like this!” echoed around 
the classroom. This was the student talking 
to the Inspector. 

This is not a wry tale of an official who 
chose the wrong student. It’s worse than 
that. Says our mole: “This Inspector knew 
virtually nothing. He didn’t have a clue how 
the circuit worked. But he had been sent to 
report on the club and the students’ work.” 

Pity the teachers who have to teach a 
technical subject with insufficient 
background. Pity the teachers and students 
who are being inspected by non-experts 
who know even less. tt may make it easier 
for failing teachers and students to conceal 
their failures this way, but what is it doing for 
the skills of the future? 
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Component Auto-Placer 
Pinswap/Gateswap Optimizer 
Background Regeneration of Power Planes 
Enhanced Autorouting with Tidy Pass 
Full Control of Schematic Appearance 
Extensive New Component Libraries 


Available in 5 levels - prices from £295 to £1625 + VAT. 
Call now for further information & upgrade prices. 


PCB Design 


Schematic Capture 


®@Produces attractive schematics like you see in the magazines. 
®Netlist, Parts List & ERC reports. @Hierarchical Design. @Full 
support for buses including bus pins, @Extensive 

component/model libraries. @Advanced Property Management. 
®@Seamiess integration with simulation and PCB design. 
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Simulation 
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@Automatic Component Placement. @Rip-Up & Retry 
Autorouter with tidy pass. @Pinswap/Gateswap Optimizer & 
Backannotation. @32 bit high resolution database. @Full 
DRC and Connectivity Checking. @Shape based gridless 
power planes. @Gerber and DXF Import capability. 


@Non-Linear & Linear Analogue Simulation. @Event driven 

Digital Simulation with modelling language. @Partitioned 

simulation of large designs with multiple analogue & digital 
egtians. @Graphs displayed directly on the schematic. 
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SHAREWARE VERSIONS ar EWW January 1997 
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Schematic & PCB 
7 Design 


http://www.labcenter.co.uk 


Write, phone or fax for your free demo disk, or ask about our full evaluation kit. 


Tel: 01756 753440. Fax: 01756 752857. EMAIL: info@labcenter.co.uk 
@ i ( cS ( ) a ( \ 53-55 Main St, Grassington. BD23 5AA. WWW: http:/www.labcenter.co.uk 
Fully interactive demo versions available for download from our WWW site. 


Call for educational, multi-user and dealer pricing - new dealers always wanted. 
Prices exclude VAT and delivery. All manufacturer's trademarks acknowledged. 
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